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EXECUTIVE  SUMMARY 


This  technical  report  was  produced  by  MCR  Services  Group,  Inc.  (MCR  SGI).  MCR 
SGI  is  providing  support  to  the  United  States  Marine  Corps  (USMC)  Siiigle  Chaimel  Ground 
and  Airborne  Radio  Sj’stem  (SINCGARS)  project  office.  MCR  SGI  has  produced  three  reports 
to  date:  TR-915a  1,  SINCGARS  Life  Cycle  Cost  Estimate,  dated  18  July  1991;  TR-9150-1 
SINCGARS  life  Cycle  Cost  Estimate  Addendum  1,  which  reflects  updated  USMC  SINCGARS 
requirements;  and  SINCGARS  Summary  Version  Life  Qcle  Cost  Model  (SVLCCM) 
Comparative  Analyses,  dated  25  November  1991. 

In  the  Operations  and  Support  (O&S)  estimate  presented  in  tlie  Addendum, 
approximately  56%  ($185  million)  of  the  total  O&S  cost  ($329  million)  is  associated  with  the 
procurement  of  the  disposable  batteries  required  for  manpack  and  "vehicular  dismountable" 
radios.  Due  to  the  magnitude  of  this  expense,  the  USMC  Project  Officer  tasked  h^CR  SCjI  to 
identify  and  analyze  the  potential  cost  savings  that  could  accrue  to  the  USMC  by  utilizing 
rechargeable  battery  technology.  The  principal  finding  of  this  study  is  that  the  USMC  could 
significantly  reduce  the  O&S  and  disposal  costs  for  USMC  SINCGARS  by  utilizing  rechargeable 
batteries. 

Exhibit  ES-1  shows  approximate  batteiy  life  of  four  alternative  battery  chemistries  in  the 
AN/PRC  1 19  manpack  SINCGARS  radio  over  a  range  of  temperatures.  Exhibit  ES'2  shows  the 
estimated  annual  primary  battery-related  costs  in  both  the  O&S  and  disposal  phases  for  each 
of  the  three  battery  chemistries  analyzed  in  detail  assuming  that  the  USMC  relied  exclusively 
on  just  one  battery  chemistry  rather  than  a  rechargeable/non-rechargeable  mix.  Exhibit  ES-3 
identifies  the  total  annual  primary  batteiy  cost  for  a  mix  of  r.on-rechargeable  Lithium-Sulfur 
Dioxide  (LiS02)  batteries  and  rechargeable  Nickel-Cadmium  (Ni-Cad)  batteries.  Exhibit  ES-4 
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Exhibit  ES4.  USMC  SINCX3ARS  ANNUAL  PRlM/iRY  BATTERY  CX)ST  (L1S02  -  LEAD  ACID  MDC) 


identifies  the  total  annua]  primary  battery  cost  for  a  mix  of  non^rechargeable  LiS02  batteries 
and  rechargeable  lead-acid  batteries. 

Of  the  alternative  chemistries  analyzed,  this  study  concludes  that  lead-acid  batteries 
are  the  most  suitable  rechargeable  battery  chemistry  available  today  for  USMC  SINCXrARS. 
Lead-acid  batteries  exhibit  the  following  advantages  over  the  leading  competitive 
rechargeable  chemistry,  Ni-Cad: 

•  lead-acid  batteries  are  less  expensive  then  Ni-Cad  batteries  on  a  life  cycle  cost 
basis. 

•  lead-acid  batteries  are  simpler  and  more  rugged  than  Ni-Cad  batteries. 

•  lead-acid  batteries  exhibit  slightly  better  discharge  characteristics  than  Ni-Cad 
batteries. 

•  The  constant-voltage  rechargers  used  for  lead-acid  batteries  are  less  expensive 
and  ofer  broader  design  choices  than  the  constant-current  rechargers  required 
by  Ni-Cad  batteries. 

•  lead-acid  batteries  are  easier  to  recycle. 

•  A  range  of  lead-acid  battery  recyclers  is  available  whereas  there  is  only 
one  EPA-licensed  U.S.  Ni-Cad  battery  recycicr. 

Although  the  purchase  cost  of  a  single  lithium  battery  ($45)  is  lower  than  the 
purchase  cost  of  a  set  of  two  lead-acid  batteries  plus  a  charger  (approximately  $500),  one 
pair  of  lead  acid  batteries  can  replace  approximately  52  lithium  batteries.  Those  52  lithium 
batteries  would  cost  approximately  $2,340,  or  almost  six  times  as  much. 

A  major  difference  between  lead-acid  and  lithium  batteries  is  with  regard  to  disposal 
costs.  Although  all  three  battery  types  (LiS02,  Ni-Cad,  and  lead-acid)  are  classified  by  the 
Environmental  Protection  Agency  (EPA)  as  hazardous  waste,  the  disposal  of  lithium 
batteries  is  an  especially  complex  and  expensive  process.  Lead-acid  batteries  are  readily 
recycled,  and  in  most  cases  generators  of  lead  acid  batteries  are  paid  a  small  fee  by 
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recyclers.  E>ep]eted  lithium  batteries,  on  the  other  hand,  cost  about  $9  each  for  disposal.  This 
difference  is  magnified  by  the  fact  that  one  set  of  lead  acid  batteries  can  replace 
approximately  52  lithium  batteries,  for  a  total  disposal  cost  savings  of  approximately  S500 
for  each  lead-acid  battery  set. 

An  additional  consideration  is  that  although  one  lead-acid  battery  weighs  more  than 
one  US02  battery,  if  an  AN/PRC‘119  radio  will  be  operated  in  excess  of  approximately  110 
houn  without  resupply,  the  total  weight  of  the  lithium  batteries  is  in  excess  of  the  total 
weight  of  lead-acid  batteries  (including  recharger).  Therefore,  there  is  a  net  weight  savings 
if  the  radio  will  be  used  for  more  than  approximately  110  hours  without  resupply. 
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1.  INTRODUCTION 


This  introduction  provides  an  overview  of  the  United  States  Marine  Corps  (USMC) 
Single  Channel  Ground  and  Airborne  Radio  Systr-o  (SINCGARS)  battery  trade-off  analysis. 
The  purpose  of  this  section  is  to  provide  the: 

•  background  of  SINCGARS, 

•  purpose  and  scope  of  this  trede-off  study, 

•  organization  of  the  report. 

A.  BACKGROUND 

In  1975,  the  Army  initiated  development  of  a  new  combat  net  radio  which  could 
operate  in  an  Electronics  Warfare  (EW)  environment  through  the  use  of  Slow  Frequency 
Hopping  (SFH).  The  new  radio  was  required  because  the  AN/PRC-77  manpack  and 
ANA^C-12  vehicular  Veiy  High  Frequency  (VHF)  radios  in  use  a'  the  time  were  deficient 
in  several  areas  including  weight,  size,  reliability,  quantity  of  channels,  and  communications 
security.  These  deficiencies  became  increasingly  significant  as  Army  tactical  communications 
requirements  dictated  the  need  for  more  reliable  and  sophisticated  equipment.  The  USMC, 
which  was  also  using  the  AN/PRC-77  and  ANAT<C-12  radios,  decided  to  utilize  the  new 
Army  radios  for  similar  reasons. 

Early  in  1991,  the  USMC  tasked  MCR  SGI  to  develop  a  Life  Cycle  Cost  (LCC) 
estimate  for  the  USMC  SINCGARS  requirements.  MCR  SGI’s  resulting  SINCGARS  Life 
cycle  Cost  Estimate,  TR-9150-1,  was  delivered  on  18  July  1991.  Refined  USMC  SINCGARS 
requirements  were  developed  shortly  thereafter.  Therefore,  MCR  SGI  developed  an  updated 
LCC  estimate  reflecting  those  new  requirements  (TR-9150-1,  SINCGARS  Life  Cycle  Cost 
Estimate,  Addendum  1).  Both  documents  provided  complete  LCC  estimates  for  each  of  the 
two  potential  vendors’  HT  and  General  Dytiamics. 
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Eidubit  I-l  provides  a  surnmaiy  of  the  USMC  SINCXjARS  general  fielding 
procurement  quantities  used  in  the  Addendum.  Exhibit  1-2  provides  a  sunnnary  of  the  ITT 
Operations  &  Support  (O&S)  estimate  in  BY91$  from  the  Addendum. 

B.  PURPOSE  AND  SCOPE  OF  THIS  ’mADE^FF  STUDY 

In  the  O^  estimate  presented  in  the  Addendum,  apprcximi  e  /  56%  ($185  million) 
of  the  total  OAS  cost  ($329  million)  is  assodated  with  the  procurement  of  the  disposable 
batteries  required  for  manpack  and  vehicular  dismountable  radios.  Due  to  the  magnitude 
of  this  expense,  the  USMC  Project  Officer  tasked  MCR  SGI  to  identify  and  analyze  the 
potential  cost  savings  that  could  accrue  to  tlie  USMC  utilizing  rechargeable  battery 
tcchnolo^. 

The  scope  of  this  study  also  encompasses  the  disposal  phase  in  anticipation  of  the 
fcima!  adoption  of  Deparuneni  of  Defense  Directive  (DODD)  500.4.  Section  B.2.C.(5)  of 
the  May  31,  1991  draft  released  the  Office  of  the  Secretary  of  Defense  (OSD)  Cost 
Analysis  Improvement  Group  (CAIG)  states  that  "the  costs  of  demilitirization,  detoxification, 
or  long  term  waste  storage  should  be  included  in  the  estimate  when  the  program  will  require 
these  functions". 

w.  ORGANIZATION  OF  THE  REPORT. 

This  report  consists  of  six  sections  and  four  appendices.  This  section  has  provided  an 
introduction  to  this  effort.  Section  II  ideritifies  and  briefly  discusses  the  technical 
characteristics  of  the  three  battery  chemistries  analyzed.  Sectior  III  documents  the  ground 
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lules  and  assumptions  used  tu  perform  this  study.  Section  IV  presents  the  detailed  cost 
studies  associated  with  each  type  of  battery.  Section  V  quantifies  the  potential  cost  savings 
associated  with  a  mix  of  non~rechargeable  and  rechargeable  batteries.  Appendix  A  is  an 
extract  from  the  Solid  Waste  Disposal  Act  that  sets  forth  the  responsibilities  of  generators 
of  hazardous  waste.  Appendix  B  provides  a  copy  of  a  letter  from  the  Environmental 
Protection  Agency  (EPA)  to  the  Defense  Logistics  Agency  (DLA)  with  regard  to  the 
disposal  of  LiS02  batteries.  Appendix  C  documents  LiS02  disposal  packaging  requirements. 
Appendix  D  documents  Ni-Cad  disposal  packaging  requirements. 
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II.  TEaiNICAL  CHARACTERISTICS  OF 
(ALTERNATIVE  BATTERY)  CHEMISTRIES 

This  section  provides  a  general  descnption  of  each  type  of  batttiy  chemistry 
considered,  as  wcD  as  the  specifics  associated  with  SINCGARS-suitable  batteries.  The 
chemistries  considered  are: 

•  Lithium-Sulfur  Dioxide  (LiS02), 

•  Nickel-Cadmium  (Ni-Cad), 

•  Sealed  lead-acid  (lead-acid),  and 

•  Other  Chemistries. 

Exhibit  II- 1  summarizes  the  operational  charcteristics  of  each  battery  type  in  an 
AN/PRC-119  SINCGiXRS  manpack  radio. 

A-  LrrHIU?.f-SULFJR  DIOXIDE  (LiSOZl  BATTERIES 

The  baseline  battery  for  SINCGARS  is  the  BA-5590/U  non-rechargeable  LjS02 
battery.  Exhibit  II-2  provides  the  specification  sheet  for  one  vendor’s  BA-5590/U  battery. 
The  primarj'  advantages  of  the  LiS02  battery  are: 

•  very  high  energy  and  power  density, 

•  high  rate  discharge  capabilities, 

9  excellent  shelf  life,  and 

•  SINCGARS  was  designed  to  use  the  BA-5590  battery. 

There  are,  however,  significairt  disadvantages  associated  with  the  use  of  LiS02 
batteries.  These  include: 

•  The  battery  utilizes  a  non-resettable  internal  high  temperature  switch  that 
renders  the  battery  useless  if  the  switch  is  tripped, 

•  The  battery  utilizes  a  non-resettable  internal  fuse  that  renders  the  battery 
useless  if  the  fuse  is  blown, 
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Exhibit  II-2.  TECHNICAL  CHARACTERISTICS  OF  BA-5590  LiS02  BATTERY 
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Exhibit  II-2.  TECHNICAL  CHARACTERISTICS  OF  BA-5590  LiS02  BATTERY 
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•  Due  to  its  sealed  construction  and  internal  composition,  the  transportation  of 
the  battery  nnay  be  subject  to  restrictions  based  on  the  number  of  batteries 
transported  or  the  specific  carrier,  and 

•  There  is  only  one  company  in  the  U.S.  currently  licensed  by  the 
Enviroiunental  Protection  Agency  (BP A)  to  dispose  of  LiS02  batteries. 

B.  NICKEL  CADMIUM  BATTERIES 

The  rechargeable  Ni-Cad  battery  that  is  suitable  for  SINCGARS  applications  is 
designated  the  BB-590/U.  Exhil^it  II-3  provides  an  extract  from  the  military  specification  for 
the  battery.  Its  primaiy  advantages  are: 

•  Good  shelf  life,  and 

•  Less  expensive  initial  cost  per  battery  than  lead-acid. 

The  primaiy  disadvantages  are; 

•  low  energy  density, 

•  poor  low  temperature  operation,  and 

•  difficulty  of  disposal. 

Used  Ni-Cad  batteries  cannot  be  easily  disposed  of  due  to  health  concerns  over  their 
cadmium  content. 

C.  SEALED  LEAD-ACID  BATTERIES 

The  rechargeable  sealed  lead-acid  battery  that  is  suitable  for  SINCGARS  applications 
is  designated  the  BB-490/U.  Exhibit  II-4  provides  one  manufacturer’s  technical  description 
of  the  battery.  Its  primary  advantages  are: 

•  Rechargeable  via  a  broad  array  of  charging  means. 
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Exhibit  II-3.  EXTRACT  OF  MILITARY  SPECIFICATION  FOR  BB-59C 

Ni-CAD  BATTERY 
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Exhibit  11-3.  EXTRACT  OF  MILITARY  SPECIFICATION  FOR  BB-590 

Ni-CAD  BATTERY  (CONTD) 
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Exhibit  II-4.  TECHNICAL  CHARACTERISTICS  OF  BB-490 
LEAD  ACID  BATIERY  (CONTD) 


•  Fault-tolerant, 

•  Good  high  temperature  operation,  and 

•  Good  shelf  life. 

The  piimary  disadvantages  aie: 

•  low  energy  density,  and 

•  poor  low  temperature  operation 

Although  used  lead-acid  batteries  cannot  generally  be  disposed  of  in  landfUls  due  to 
health  concerns  over  their  lead  and  acid  content,  used  lead-acid  batteries  can  be  fairly  easily 
recycled.  Currently,  approximately  80%  of  automotive  lead  acid  batteries  are  ret^cled,  and 
a  well  established  recycling  business  is  in  place.  Therefore,  the  batteries  can  be  disposed  of 
by  selling  them  to  an  authorized  recycler. 

D.  OTHER  BATTERY  CHEMISTRIES 

Two  other  potential  chemistries  were  identified  and  analyzed:  conventional  alkaline 
non-rechargeable  batteries  and  Nickel  Metal-Hydride  (NiMH)  rechargeable  batteries. 
Alkaline  batteries  exhibit  performance  between  rechargeable  batteries  and  LiSOZ  batteries. 
Disposal  of  alkaline  batteries  is  not  highly  regulated.  The  primary  disadvantage  of  alkaline 
batteries  is  that  they  exhibit  a  dramatic  falloff  in  energy  capacity  as  temperatures  drop.  Due 
to  this  low  temperature  falloff  and  inability  to  identify  a  commercially  available  SINCG  ARS- 
compatiblc  alkaline  battery,  this  chemistry  was  excluded  from  further  analysis. 

NiMH  batteries  are  rechargeable.  NihiH  batteries  do  not  contain  especially  toxic 
chemicals  or  elements,  and  exhibit  electrical  properties  generally  similar  to  Ni-Cad  batteries. 
The  principal  difference  is  that  NiMH  batteries  arc  more  energj'  dense  (i.e,,  last  ionger)  than 
cither  Ni-Cad  or  lead-acid  batteries.  NiMH  batteries  are  just  entering  the  commercial 
marketplace  and  technological  improvements  arc  being  worked  on  along  several  dimensions 
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(e.g.,  energy  density  and  recharge  characteristics).  Although  NiMH  batteries  may  be  a  viable 
or  even  preferable  soiu'ce  of  rechargeable  batteiy  power  in  the  near  to  im'd  future,  this 
chemistry  was  excluded  from  detailed  anafysis  because  no  cgo^seidally  available 
SINCXjARS-compatible  NiMIi  battery  could  be  identified. 


II-ll 


in.  GROUND  RULES  AND  ASSUMPTIONS 


This  section  documents  the  ground  rules  and  assumptions  used  in  this  study. 


A.  BATTERY  CXISIS 


The  ground  rules  and  assumptions  relevant  to  primary  battery  costs  are  listed  below. 

•  Analysis  limited  to  the  following  three  battery  types: 

BB-5590  Lithium-Sulfur  Dioxide  (LiS02), 

BB-590  Nickel-Cadmium  (Ni-Cad),  and 
BB-490  Sealed  lead-acid  (lead-acid). 

•  Two  rechargeable  batteries  per  portable  or  vehicular  dismoimtable  radio. 

•  LiS02  battery  cost  and  life  identical  to  previous  MCR  USMC 
SINCGARS  LCC  estimate: 


$45  per  LiS02  battery 
22  hour  battery  life 


Quantities  and  usage  assumptions  ideniical  to  previous  mCtt.  UaMt... 


SINCGARS  LCC  estimate: 


Hours  per  radio  type 

-  Portable:  500  hrsjyr  active  forces,  125  hrs/^  reserve 

-  Vehicular:  1,000  hrs^  active  forces,  250  hrs/yr  reserve 

Vehicular  dismountable  radios  will  use  battery  power  10%  of  the  time. 

•  Distribution  of  radios:  75%  to  active  duty  forces,  25%  to  reserves. 

•  Quantities  as  per  Addendum  1  to  MCR  USMC  SINCGARS  LCC 
estimate  dated  04  October  1991 


•  Hold-Up  Battery  (HUB)  costs  are  not  affected  by  primary  battery  type 
or  radio  vendor  (GD  or  ITT)  and  are,  therefore,  excluded  from  this 
analysis. 

B.  BATTERY  CHARGERS 


The  ground  rules  and  assumptions  relevant  to  the  cost  of  the  battery  changes  are 


listed  below. 
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•  One  charger  for  each  portable  radio. 

•  No  chargers  for  vehicular  dismountable  radios  (batteries  recharged 
from  vehicle’s  electrical  system). 

•  Battery  chargers  replaced  when  rechargeable  batteries  replaced. 

C.  DISPOSAL 

The  ground  rules  and  assumptions  relevant  to  disposal  costs  are  listed  below. 

•  All  waste  generated  at  Camp  Lejeune,  North  Carolina. 

•  Transportation  in  accordance  with  federaVHPA  regulations; 

licensed  hazardous  waste  hauler,  and 
manifested  load. 

•  Replacement  rechargeable  battery  quanitity  identical  to  disposal 
quantity. 

•  Disposal  transportation  cost  per  truckload  identical  for  IJS02  and  Ni- 
Cad  batteries. 

•  Waste  treatment  in  accordance  with  federal/EPA  regulations. 
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IV.  DETAILED  <X)ST  STUDY 


There  are  four  basic  cost  elements  potentially  associated  with  the  life  cycle  cost  of 
each  battery  chemistiy: 

•  the  cost  of  the  batteries  tliemselves, 

•  charger  costs  (rechargeable  chemistries  only), 

•  disposal  transportation  costs,  and 

•  waste  treatment  costs. 

Total  battery-related  annual  costs  were  estimated  for  each  of  the  three  chemistries, 
assuming  that  all  USMC  SINCGARS  demand  would  be  met  with  a  single  battery  type.  An 
average  hourly  operational  cost  was  also  estimated  for  each  alternative.  Section  V  of  this 
cost  study  uses  the  results  of  this  section  to  quantify  the  potential  cost  savings  that  could 
accrue  to  the  USMC  by  using  a  mix  of  non-rcchargcahle  and  sechargeable  batteries.  The 
following  subsections  describe  how  each  cost  element  for  each  chemistiy  was  estimated. 
Exhibit  IV-1  provides  a  summary  of  the  costs  of  each  of  the  three  battery  chemistries  by  cost 
element.  The  basis  for  those  costs  is  documented  in  the  body  of  this  section. 

The  fundamental  factor  that  drives  the  cost  of  all  three  battery  chemistries  is  the 
annual  battery-powered  operational  requirement.  Since  this  is  common  to  all  three 
alternatives,  the  derivation  of  the  annual  operational  requirement  is  described  first. 

A.  ANNUAL  BATTER Y-PQWTSRED  OPERATIONAI.  REQUIREMENT 

The  total  battery-related  operations  cost  is  contained  in  Work  Breakdown  Structure 
(WBS)  element  3.1.3,  Material  Consumption,  m  MCR’s  SINCGARS  LCC  Estimate. 
Addendum  L  dated  04  October  1992.  The  estimated  total  material  consumption  cost  is 
approximately  $191  million  in  Base  Year  1991  dollars  (BY91$),  or  approximately  58%  of  the 
total  O&S  cost  for  USMC  SINCGARS.  The  Material  Consumption  WBS  element  represents 
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the  sum  of  primary  battery  costs  and  Hold-Up  batteiy  (HUB)  costs  and  is  identical  for  both 
irr  and  GD. 

The  annual  battery-powered  operational  requirement  was  separately  calculated  for 
active  and  reserve  forces  and  the  resulting  two  values  were  summed  to  arrive  at  the  total 
estimateu  USMC  SINCXjARS  atintial  battery-powered  operational  requirement.  The  first 
column  of  Exhibit  IV-2  identifies  the  nomenclature  of  the  various  SINCGARS  radios  that 
win  be  fielded  by  the  USMC  in  the  steady-state  O&S  period  which  begins  in  FY98.  The 
second  column  identifies  the  number  of  each  type  of  radio  assigned  to  each  respecth'e  force. 
These  quantities  were  derived  by  allocating  75%  of  the  USMC  SINCGARS  general  fielding 
procurement  to  active  forces  and  the  remaining  25%  of  the  procurement  to  reserve  forces. 

The  third  column  of  Exhibit  IV-2  identifies  the  estimated  annual  usage  for  each 
radio/force  combiiiaiion  based  on  the  USMC  operational  scenario.  The  fourth  column 
identifies  the  extent  to  which  each  type  of  radio  will  use  battery  power.  Manpack  (i.e.. 
AN/PRC-1 19A)  radios  will  operate  solely  fi-om  batteries.  The  two  dismountable  vehicular 
radio  types  (AN/VRC-88A  and  AN/VRC-91A)  were  previously  estimated  to  use  battery 
power  for  10%  of  the  time.  The  last  column  represents  the  estimated  total  number  of 
battery-powered  operational  hours  per  year  per  radio/force  combination.  The  values  in  the 
last  column  were  calculated  by  multiplying  the  radio  quantity  by  the  hours  per  year  by  the 
batteiy  usage  factor.  These  values  were  then  summed  to  arrive  at  the  active  forces  subtotal 
and  the  reserve  forces  subtotal  and  finally  the  total  estimated  USMC  SINCGARS  annual 
battery-powered  operational  requirement,  which  is  approximately  4.7  million  hours  per  year. 
This  value  was  used  to  estimate  the  LCC  costs  associated  with  each  of  the  three 
rechargeable  battery  scenarios. 
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Exhibit  IV.2.  DERIVATION  OF  ANNUAL  LfSMC  SINCGARS  BATTERY-POWERED 

OPERATIONAL  FLEQUIREMENT 


B.  BA-SS90  LnHIUM  SULFUR  DIOXIDE  fLiS02^  BATTERY  COSTS 


The  O&S  and  disposal  costs  of  the  LiS02  alternative  are  represented  in  the  foUov  jig 
discussion.  O&S-reJated  costs  (batteries  only  for  this  alternative  -  no  chargers)  are  described 
sepaiatefy  from  disposal  costs  (disposal  transportation  and  waste  treatment).  Total  annual 
LiS02  batteiy-related  costs  (operations  costs  plus  disp  ’sal  costs)  are  estimated  at 
approximately  $12.4  million.  Another  way  of  expressing  this  cost  is  that  each  LiS02  battery 
powered  operational  hour  costs  $2.66. 

1.  LjS020M^sts 


Since  the  DS02  battery  is  non-rechargeable,  the  only  O&S-related  costs  are 
associated  with  the  cost  of  the  batteries  themselves.  As  previously  discussed,  the  USMC  will 
operate  portable  and  vehicular  dismountable  radios  from  battery  power  approximately  4.7 
million  hours  per  year.  The  battery  unit  cost  used  in  this  study  was  $45  and  each  battery  was 
esti  M  1  to  last  22  hours.  Both  of  these  values  were  obtained  from  the  Army  SINCGARS 
Baseli.  Jost  Estimate  (BCE).  The  Army  BCE  derived  these  values  based  on  historical  data 
on  analogous  systems  and  the  technical  characteristics  of  SINCGARS.  Hie  annual  LiS02 
battery  O&S  cost  in  the  steady  state  period  is  represented  by  the  following  equation; 


Annual  LiS02  O&S.  Cost  = 


4.7  million  hours  per  year  /  22  hours  per  battery 
*  $45  per  battery  =  $9.5  million 


2.  LiS02  Disposal  Costs 

The  Environmental  Protection  Agency  (EPA)  classifies  LiS02  batteries  as 

hazardous  waste  based  on  the  following  characteristics: 

fl  LiS02  batten'es  may  form  potentially  explosive  hydrogen  gas  when  mixed  with 

water,  and 

•  LiS02  batteries  are  capable  of  violent  i-upture  or  reaction. 
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Appendix  A  is  an  extract  from  the  Solid  Waste  Disposal  Act  that  describes  the 
responsibilities  of  generators  of  hazardous  waste.  Appendix  B  provides  a  copy  of  a  letter 
from  the  EPA  to  the  Defense  Logistics  Agenc)'  (DLA)  that  elaborates  on  the  potential 
hazards  associated  with  the  disposal  of  LiS02  batteries. 

There  is  only  one  company  in  the  United  States  that  is  currently  licensed  by 
the  EPA  to  dispose  of  LiS02  batteries,  Battery  Disposal  Technology,  Inc.  (BDT),  located 
in  Qarcncc,  New  York.  Therefore,  there  are  both  disposal  transportation  costs  and  waste 
treatment  (destruction/deactivization)  costs  associated  with  LiS02  batteries.  Each  of  these 
cost  elements  is  described  and  quantified  below. 

a.  LiS02  Transportation  Costs 

For  purposes  of  this  study,  it  was  assumed  that  all  depicted  LiS02 
batteries  would  be  transported  via  truck  from  Marine  Corps  Base,  Camp  Lejeune  to  BDT 
in  New  York.  Prior  to  acceptance  by  the  trucking  firm,  USMC  personnel  must  ens'.je  that 
the  batteries  ate  fully  discharged  and  packed  into  sealed  55-gallon  drums  in  such  a  manner 
that  they  will  not  come  into  electrical  contact  with  each  other.  Appendix  C  identifies  BDT’s 
packaging  requirements  in  more  detail.  The  trucking  firm  will  then  certify  the  contents  of 
the  truck,  transport  the  material  to  BDT,  and  obtain  a  certificate  from  BDT  staling  that  the 
full  load  was  delivered.  This  process  is  called  manifesting  and  is  required  for  the 
transportation  of  hazardous  waste.  (See  Appendix  A,  Extract  from  Solid  Waste  Disposal 
Act.) 

A  verbal  quote  of  $2,260  per  truckload  per  trip  was  obtained  from 
Chemical  Waste  Management,  Inc.  for  transporting  the  batteries  from  Camp  Lejeune  to 
BDT.  Each  truckload  would  be  comprised  of  approximately  65  loaded  55-gaIIon  drums 
weighing  approximately  600  pounds  each. 
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In  order  to  estimate  transportation  costs,  the  total  amiual  weight  of 
depleted  IjS02  batteries  was  first  estimated  from  the  annual  operational  requirement  of  4.7 
million  hours  previously  derived.  The  number  of  batteries  was  then  calculated  based  on 
average  batteiy  life  and  multiplied  by  the  weight  of  each  battery  to  arrive  at  the  weight  of 
the  batteries  that  would  be  transported  for  disposal.  The  following  equation  was  used; 

Transportation  Wt.  =  4.7  million  hours  per  year  /  22  hours  per  batteiy  *  2.25  potmds 

per  batteiy  =  4^,000  pounds  per  year 

Since  the  maximum  load  per  truck  is  rated  at  40,000  pounds,  tliis  is 
equivalent  to  approximately  12  trips  per  year,  or  one  each  month.  Therefore,  the  total 
annual  transportation  cost  would  be  12  times  $2,260,  or  $27,120  per  year, 
b.  LiSQ2  Waste  Treatment  Costs 

The  cost  to  treat  the  LiS02  baiiciy  waste  was  estimated  from  a  verbal 
quote  from  BDT.  PDT  currently  charges  $6.00  per  pound  to  treat  depleted  LiS02  batteries. 
BDT  treats  LiS02  batteries  by  crushing  them  in  an  explosion-proof  room,  activating  the 
lithium  in  a  controlled  manner,  and  then  forming  inert  metallic  bars  by  mixing  the  remaining 
material  with  a  filler. 

As  derived  in  the  previous  subsection,  approximately  480,000  pounds 
of  DS02  battery  waste  would  require  treatment  per  year.  At  $6  per  pound,  the  total  annual 
waste  treatment  costs  are  expressed  in  the  following  formula: 

Waste  Treatment  Cost  «  480,000  pounds  of  waste  *  $6.00  per  pound  for 

treatment  =  $2.9  million  per  year 

C.  BB-590  NICKEL-CADMIUM  fNI-CADl  BATTERY  COSTS 

The  O&S  and  disposal  costs  of  the  Ni-Cad  alternative  are  represented  in  the  following 
discussion.  O&S-related  costs  (batteries  and  chargers)  are  described  separately  from  disposal 
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costs  (transportation  and  treatment).  Total  annual  Ni-Cad  battery-related  costs  are  estimated 
at  approximatefy  $1.6  million.  Another  way  of  expressing  this  cost  is  that  each  Ni-Cad 
battery  powered  operational  hour  costs  $0.34. 

1.  Ni-Cad  O&S  Costs 

Since  Ni-Cad  batteries  are  rechargeable,  both  of  the  following  operations- 
related  cost  elements  apply:  the  cost  of  the  batteries  themselves  and  the  cost  of  the  chargers. 
The  manner  in  which  each  of  these  cost  elements  was  estimated  is  provided  in  the  following 
two  subsections. 


a.  Ni-Cad  Primary  Battery  Costs 

As  previously  discussed,  the  USMC  will  operate  portable  and  vehicular 
dismountable  radios  from  battery  power  approximately  4.7  million  hours  per  year.  The 


number  of  Ni-Csd  batteries  that  th 


uiw  USMC  would  have  to  purchase  annually  if  Ni-Cad 


batteries  were  used  exclusively  was  estimated  based  on  the  following  parameters: 

•  battery  life  per  charge, 

•  the  number  of  batteries  per  radio, 

•  the  number  of  cycles  per  battery,  and 

•  the  cost  per  battery. 

(1)  Battery  Life  Per  Charge 

The  first  step  in  estimating  the  costs  of  the  Ni-Q.d  scenario  was 
to  estimate  the  number  of  hours  that  a  fully  charged  BB-590  Ni-Cad  battery  will  power  a 
SINCGARS  radio.  The  battery  life  per  charge  for  the  BA-590  Ni-Cad  battery  was  obtained 
by  adjusting  the  manufacturer’s  claimed  life  which  was  judged  to  represent  ideal  conditions. 
The  AN/PRC-119  was  selected  because  it  represents  the  overwhelming  majority  of  the 
battery-powered  operational  requirement.  Vendor  information  on  the  BA-5590  US02 
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batteiy  indicates  that  the  maxinium  claimed  battery  life  is  approximately  33  hours  at  room 
temperature.  The  Army’s  artalysis  of  LiS02  battery  life  in  SINCXjARS  radios  indicated  that, 
on  average,  the  batlcr>'will  actually  power  the  radio  for  approximately  22  hours.  Therefore, 
the  Army  estimates  that  actual  life  will  be  2/3  of  the  vendor’s  claim.  This  2/3  factor  was 
applied  to  the  effective  vendor  .s  claim  of  6  hours  per  fully  charged  BB-590  Ni-Cad  battery 
to  arrive  at  the  4  hour  lifespan  used  in  this  study.  Tliis  life-per-cycle  value  was  judged  to 
more  closely  approximate  probable  USMC  experience. 

(2)  Number  of  Batteries  per  Radio 

It  was  then  assumed  that  each  ponable  or  vehicular 
dismountable  radio  would  be  provided  with  two  batteries.  One  batteiy  would  be  in  the  radio, 
and  the  second  would  be  in  the  charger.  Since  the  battery  can  be  recharged  in  less  than  four 
hours  (depending  on  its  state  of  discharge),  this  scenario  would  always  provide  for  an 
available  fully  charged  batteiy  (assvuning  that  the  recharger  was  nearby  and  had  a  source  of 
power). 

(3)  Number  of  CVcles  per  Battery 

One  of  two  additional  factors  may  drive  the  actual  number  of 
batteries  required  to  provide  the  required  energj’  requirements  for  USMC  SINCGARS:  cycle 
life  or  float  life.  Cycle  life  refers  to  the  maximum  number  of  times  a  batteiy  can  be  charged, 
discharged,  and  recharged  while  still  providing  at  least  80%  of  the  oi  nal  performance.  In 
the  case  of  Ni-Cad  batteries,  claimed  cycle  life  ranges  from  about  250  to  500.  The  value  at 
the  low  end  of  tlie  claimed  range  (250  cycles)  was  selected  based  on  the  expectation  of 
relatively  severe  USMC  usage.  The  difference  in  cycle  life  is  primarily  driven  by  differing 
assumptions  with  regard  to  discharge  depth,  discharge  rate,  and  ambient  temperature. 
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Float  life  is  the  second  factor  that  may  limit  battery  life.  Float 
life  refers  to  the  maximum  time  that  a  battery  can  be  held  at  a  fully  charged  state  via  trickle 
charging.  For  Ni-Cad  batteries,  claims  for  float  life  range  from  5  to  10  years.  The  failure 
mechanism  is  simply  that  the  chemicals  inside  the  battery  inevitably  build  up  and  eventually 
insulate  the  battery  from  itself,  rendering  it  incapable  of  holding  a  charge.  There  was  a 
deSnite  corj.cnsus  that  USMC  personnel  would  not  comply  with  ideal  practice  with  regard 
to  discharging,  recharging,  or  operation  in  moderate  environmental  conditions  and  that  a 
year  float  life  would  probably  be  more  representative  of  USMC  experience.  Detailed  analysis 
was  then  performed  to  determine  if  cycle  life  or  float  life  was  the  limiting  factor. 

In  order  to  detennine  if  the  limiting  factor  on  USMC 
SINCGARS  battery  life  was  cycle  life  or  float  life,  the  battery  usage  process  was  modeled 
in  more  detail.  The  annual  usage  rate  per  radio  type  for  the  active  and  reserve  forces  was 
obtained  from  the  USMC  SINCGARS  LCC  estimate.  The  percentage  of  time  that  each 
radio  would  use  battery  power  was  also  taken  from  that  study.  By  multiplying  the  annual 
operations  hours  by  the  battery  usage  ratio,  the  number  of  battery  cycles  per  year  per  radio 
was  estimated.  For  example,  for  the  FRC-119  radios  used  by  the  active  forces,  the  annual 
operations  hours  were  previously  estimated  at  500.  Since  the  PRC-1 19  always  uses  battery 
power,  the  battery  usage  factor  is  100%.  (The  battery  usage  factor  for  the  two  dismountable 
radios,  ANA^C-88A  and  ANAT^C-91A,  is  10%.)  Therefore,  each  active  duty  AN/PRC-119 
radio  would  require  125  Ni-Cad  battery  recharge  cycles  per  year,  or  63  per  battery  if  two 
batteries  are  assigned  to  tire  radio. 

Exhibit  IV-3  is  a  printout  of  the  spreadsheet  that  was  developed 
to  resolve  the  cycle  life/float  life  issue.  The  first  column  provides  the  nomenclature  of  all  of 
the  SINCGARS  radios  which  will  be  used  by  the  USMC.  The  list  of  radio  types  is  repeated 
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Exhibit  IV.3.  DERIVATION  OF  WEIGHTED  /vVERAGE  CYCLES  PER  BATTERY  VALUE 


vertically  because  active  force  radios  were  treated  separately  from  reserve  force  radios.  The 
second  column  of  the  exhibit  provides  the  total  expected  operational  hours  per  year  for  each 
radio  type  for  both  active  and  reserve  forces,  and  the  third  column  identifres  the  degree  to 
v'hich  each  radio  would  use  battery  power.  The  hours  per  year  values  in  the  second  column 
were  multiplied  \yy  the  battery  use  percent  values  in  the  third  column  to  estimate  the 
battery-powered  operational  requirement  for  each  radio^orce  combination.  This  result  v  as 
then  divided  by  the  battery  life  per  charge  (4  hours)  to  arrive  at  the  estimated  number  of 
battery  (^cies  per  year  for  each  radio/force  combination.  This  number,  in  turn,  was  divided 
by  two  batteries  per  radio  to  estimate  the  number  of  cycles  per  individual  battery.  Then  the 
number  of  charge  cycles  per  battery  prer  year  was  multiplied  by  the  anticipated  float  life  (4 
years)  to  identify  the  number  of  times  each  battery  would  be  charged  if  the  battery’s  life  was 
iimited  by  cycle  life  and  not  float  life. 

As  can  be  seen  from  the  column  titled  "Cydes/Battery/Floal" 
column  in  the  exhi'bit  (Column  #7),  float  life  is  more  of  a  constraint  to  the  USMC  than  is 
cycle  life.  For  example,  it  is  estimated  that  each  of  the  two  batteries  assigned  to  a  specific 
AN/PRC-1 19  radio  used  by  the  reserve  forces  would  only  be  recharged  63  times  in  4  years. 

Once  it  was  determined  that  float  life  and  not  cycle  life  was  the 
limiting  factoi  with  regard  to  USMC  SINCXjARS,  a  weighted  average  cycles  per  battery  per 
float  j'fe  value  was  derived  to  simplify  subsequent  analysis.  The  las!  four  columns  in  the 
exhibit  identify  the  number  of  radios  of  each  type  in  the  steady  state  period  used  by  the 
active  and  reserve  forces,  the  battery-powered  operational  hours  per  radio/force 
combination,  the  percent  of  the  total  represented  by  each  combination,  and  the  weighted 
average.  As  can  be  seen  at  the  bottom  right  of  the  exhibit,  the  weighted  average  is 
approximately  213  charge  cycles  per  battery  per  float  life. 
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The  remaining  piece  of  data  is  cost  per  battery.  A  verbal  quote 
of  $164.18  per  BB-590  Ni-Cad  battery  was  obtained  from  Bren-Tronics. 

The  remainder  of  the  analysis  is  relatively  simple.  The  number  of  batteries 
bought  per  year  was  calculated  by  starting  with  the  armual  battery-powered  o[>erational 
requirement  and  dividing  by  the  hours  per  cycle  to  arrive  at  the  number  of  battery  cycles  per 
year.  This  value  was  then  divided  by  the  average  number  of  cycles  per  battery  to  arrive  at 
the  number  of  batteries,  which  was  then  multiplied  by  the  battery  unit  cost  to  estimate  the 
operations-related  primary  battery  costs  for  USMC  SINCGARS.  The  formula  follows: 

Annual  Ni-Cad  Battery  Cost  *=  4.7  million  hours  per  year  /  4  hours  per  battery  / 

213  Qrcles  per  battery  *  $164.18  per  battery  = 
$0.9  million  per  year 

b.  Ni-Cad  Charger  Costs 

The  cost  of  chargers  for  the  Ni-Cad  scenario  was  based  on  a  mix  of 
engineering  assessments  and  vendor  quotes.  The  cost  of  Ni-Cad  chargers  was  calculated  from 
tliree  basic  inputs: 

•  Cost  per  charger, 

•  Charger  life,  and 

•  Number  of  chargers  required. 

Chargers  were  quoted  at  $245  each  from  Bren-Tronics.  it  was  assumed 
that  each  portable  radio  would  require  a  charger.  Chargers  were  not  estimated  for 
dismountable  radios  based  on  an  assumption  that  the  batteries  would  be  recharged  off  the 
vehicle’s  existing  electrical  system.  The  total  number  of  USMC  SINCGARS  portable  radios 
in  the  steady  stale  period  is  10,050.  It  was  also  assumed  that  rechargers  wnuld  be  replaced 
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at  the  end  of  the  battery’s  float  life,  or  every  four  years.  Therefore,  the  total  i  imber  of 
portable  radios  was  divided  by  4  to  arrive  at  the  estimated  number  of  chargers  i  would 
be  bought  per  year.  The  following  equation  was  used: 

Annual  Ni*Cad  charger  cost  =  10,050  portable  radios  /  4  year  life  per  charger  • 

$245  per  charger  =  $0.6  million  per  year. 

6.  Ni-Cad  PisposaLCosts 

The  EPA  classifies  Ni-Cad  batteries  as  hazardous  waste.  The  EPA’s  concern 
is  primarily  over  cadmium  because  it  is  a  carcinogen.  Due  to  these  regulatory  and  health 
concem.s,  spent  Ni-Cad  batteries  caimot  generally  be  disposed  of  in  landfills  and  must  be 
recycled  or  otherwise  neutralized.  As  with  US02  batteries,  there  is  only  one  Ni-Cad  battery 
recycling  company  in  the  United  States  that  is  currently  licensed  by  the  EPA  to  recycle  Ni- 
Cad  batteries,  the  Internationa!  Metals  Re  clamattox.  ^^ompsny,  Irtw. 

INMETCO  is  located  in  Eilwood  City,  Pennsylvania  and  utilizes  the  reclaimed  metals  from 
the  batteries  to  manufacture  stainless  steel  or  as  stabilized  waste  which  is  used  as  ballast  for 
railroad  beds.  Appendix  D  sets  forth  INMETCXD’s  battery  processing  conditions. 

There  are  both  transportation  costs  and  treatment  (destruction/ deactivization) 
costs  associated  with  Ni-Cad  batteries.  Each  of  these  cost  elements  is  described  below. 

a.  Ni-Cad  Transportation  Costs 

For  purposes  of  this  study,  it  was  assumed  that  all  depleted  Ni-Cad 
batteries  would  be  transported  via  truck  from  Marine  Corps  Base,  Camp  Lejeune  to 
INMETCO  in  Pemisylvania.  Prior  to  acceptance  by  the  trucking  firm,  USMC  personnel  roust 
ensure  that  the  batteries  are  fully  discharged  and  packed  into  sealed  55-galIon  drums  in  such 
a  manner  that  they  will  not  come  into  electrical  contact  with  each  other.  The  trucking  firm 
will  then  certify  the  contents  of  the  truck,  transport  the  material  to  INMETCO,  and  obtain 
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a  certificate  from  INMETCO  stating  that  the  full  load  was  delivered.  This  manifesting 
process  is  required  for  the  transportation  of  hazardotis  waste. 

Because  the  regulations  pertaining  to  the  transportation  of  depleted  Ni> 
Cad  batterie.s  and  LiS02  batteries  are  similar,  and  because  both  BDT  and  INMETCO  are 
located  in  the  same  general  region,  it  was  assumed  that  the  transportation  cost  per  load 
would  be  identical  for  both  types  of  batteries.  Therefore,  the  verbal  quote  of  $2,260  per 
truckload  per  trip  wliich  was  obtained  from  Chemical  Waste  Management,  Inc.  for 
transporting  US02  batteries  from  Camp  Lejeune  to  BDT  was  used  as  a  starting  point  in 
estimating  the  transportation  costs  associated  wit.i  the  disposal  of  depleted  Ni-C£.d  batteries. 
Each  truckload  would  be  comprised  of  approximately  65  loaded  55-gaIlon  drums  weighing 
approximately  600  pounds  each. 

In  order  to  estimate  transportation  costs,  the  total  annual  weight  of 
depleted  Ni-Cad  batteries  was  estimated  from  the  annual  battery  procurement  re'iuirement 
previously  calculated.  It  was  assumed  that  the  inflow  of  new  batteries  would  be  equivalent 
to  the  outflow  of  expended  batteries.  The  annual  disposal  weight  was  calculated  by 
multiplying  the  number  of  batteries  disposed  of  per  year  by  the  weight  of  each  battery.  The 
following  equation  was  used: 

Annual  Ni-Cad  Waste  =  4.7  million  hours  per  year  /  4  hours  per  battery  /  213 

cycles  per  battery  *  4  pounds  per  battery  =  22,000 
pounds  per  year 

Since  the  maximum  load  per  truck  is  rated  at  40,000  pounds,  this  is 
equivalent  to  approximately  1  trip  per  year.  'Hie  cost  per  trip  was  quoted  at  $2,260; 
therefore,  the  disposal  transportation  cost  is  estimated  at  $2,260  per  year. 
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b,  Ni  Cad  Waste  Treatment  Costs 

The  cost  to  treat  the  Ni-Cad  battery  waste  was  estimated  from  a  verbal 
quote  from  INMETCO.  INMETCO  charges  $2.45  per  pound  for  treatment  costs. 
INMETCO  treats  Ni-Cad  batteries  by  crushing  them  and  then  transferring  the  waste  into 
a  high  temperature  furnace.  After  the  material  is  melted  and  partially  purified  it  is  cooled 
to  form  a  non-toxic  solid. 

As  derived  in  the  previous  subsection,  approximately  22,000  pounds  of 
Ni-Cad  battery  waste  would  require  treatment  per  year.  At  $2.45  per  pound,  the  total  annual 
waste  treatment  costs  are  expressed  in  the  following  formula: 

Waste  Treatment  Cost  »  22,000  pounds  of  waste  *  $2.45  per  pound  for  treatment 

=  $54,000  per  year 


r» 


BB  490  SEALED  LEAD-ACID  BATTERY  COSTS 


The  O&S  and  di.sposal  costs  of  the  lead-acid  alternative  are  represented  in  the 
following  discussion.  O&S-related  costs  (batteries  and  chargers)  are  described  separately 
from  disposal  costs  (transportation  and  treatment).  Total  annual  lead-acid  battery-related 
costs  (operations  plus  disposal)  are  estimated  at  approximately  $1.4  million.  Another  way 
of  expressing  this  cost  is  that  each  lead-acid  battery  powered  operational  hour  costs  $0.30. 

1.  Lead-Acid  O&S  Costs 

Since  lead-acid  batteries  are  rechargeable,  there  are  two  O&S  cost  elements: 
the  cx)st  of  the  batteries  themselves  and  the  cost  of  the  chargers.  The  manner  in  which  each 
of  these  cost  elements  was  estimated  is  provided  in  the  following  two  subsections, 
a.  Primary  Lead-Acid  Battery  Costs 

As  discussed,  the  USMC  will  operate  portable  and  vehicular 
dismountable  radios  from  battery  power  approximately  4.7  million  hours  per  year.  The 
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number  of  lead-acid  batteries  that  the  USMC  would  have  to  purchase  if  lead-acid  battenes 
were  used  exclusively  was  then  estimated  based  on  the  following: 


9  battery  life  per  charge, 

9  number  of  batteries  per  radio, 

•  number  of  tycles  per  battery,  and 

•  cost  per  battery. 

The  battery  life  per  charge  for  the  BB-490  lead-acid  battery  was 
obtained  by  adjusting  the  manufacturer’s  claimed  life  which  was  judged  to  represent  idea) 
conditions.  The  effective  manufacturer’s  claim  of  6  hours  per  charge  in  a  typical  SINCGARS 
application  was  adjusted  based  on  the  ratio  between  the  claimed  DS02  battery  life  and  the 
Army’s  analysis.  This  ratio  is  approximately  2/3;  therefore,  the  claimed  life  per  lead-acid 
battery  was  multiplied  by  2/3  to  obtain  4  hours  per  charge.  This  life-per-tycle  value  was 
judged  to  more  closely  approximate  probable  USMC  experience. 

It  was  then  assumed  that  each  portable  or  vehicular  dismountable  radio 
would  be  provided  with  two  batteries.  One  battery  would  be  in  the  radio,  and  the  second 
would  be  in  the  charger.  Since  the  battery  can  be  recharged  in  less  than  four  hours,  this 
scenario  would  always  provide  for  an  available  fully  charged  battery  (assuming  that  the 
recharger  was  nearby  and  had  a  source  of  power). 

The  next  step  was  to  estimate  the  number  of  cycles  per  battery.  The 
number  of  cycles  per  battery  may  be  limited  by  one  of  the  following  two  basic  factors: 
degeneration  of  the  battery’s  internal  components  caused  by  the  charge-dischaige-recharge 
process,  termed  cycle  life;  and  the  degeneration  simply  caused  by  time  and  fluctuating 
enviroiunental  conditions  such  as  temperature,  humidity,  and  mechatucal  shock,  termed  float 
life.  The  claimed  maximum  life  for  lead-acid  batteries  is  in  the  range  of  8  to  10  years  or 
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approximately  400  cycles,  whichever  comes  £rst.  Discussions  with  a  number  of  technical 
representatives  from  lead-acid  battery  vendors  indicated  that  float  life  is  fairly  sensitive  to 
discharge  characteristics,  environmental  conditions,  end  recharging  practice.  There  was  a 
definite  consensus  that  USMC  personnel  would  not  compfy  with  ideal  practice  in  any  of 
these  three  areas  and  that  a  4  year  float  life  would  probably  be  more  representative  of 
USMC  experience.  Detailed  analysis  was  then  performed  to  determine  if  float  life  or  cycle 
life  was  the  limiting  factor. 

The  previous  discussion  with  respect  to  this  issue  and  Ni-Cad  batteries 
concluded  that  float  life  was  the  limiting  factor  and  that  the  weighted  average  number  of 
cycles  per  battery  would  be  approximately  213.  The  relatively  minor  differences  between  Ni- 
Cad  and  lead-acid  batteries  with  respect  to  float  life  and  cycle  life  indicated  that  the  213 
cycle  value  would  also  fairly  represent  USMC  experience  with  lead-acid  batteries.  Therefore, 
the  213  cycle  value  was  used  in  the  subsequent  lead-acid-specific  analysis. 

The  remaining  piece  of  data  is  cost  per  battery.  A  written  quote  of  $225 
per  BB-490  lead-acid  battery  was  obtained  from  Magnum  Power  Systems,  Inc. 

The  remainder  of  the  analj^is  is  relatively  simple.  The  number  of 
batteries  bought  per  year  was  calculated  by  starting  with  the  annual  battery-powered 
operational  requirement  and  dividing  that  by  the  hours  per  cycle  to  arrive  at  the  number  of 
battery  cycles  per  year.  This  value  was  then  divided  by  the  average  number  of  cycles  per 
battery  to  arrive  at  the  number  of  batteries,  which  was  then  multiplied  by  the  battery  unit 
cost  to  estimate  the  O&S-related  primary  battery  costs  for  USMC  SINCGARS.  'fhe  formula 
follows: 

Annual  lead-acid  Battery  Cost  =  4.7  million  hours  per  year  /  4  hours  per  battery  / 

213  cycles  per  battery  *  $225  =  $1.2  million  per 
year 
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b.  Lead-Acid  Chartrer  Ccjsts 


The  cost  of  chargers  for  the  lead-acid  scenario  was  based  on  a  mix  of 
engineering  assessments  and  vendor  quotes.  The  cost  of  lead-acid  chargers  was  calculated 
from  the  following  three  basic  inputs: 

•  Cost  per  charger, 

•  Charger  life,  and 

«  Number  of  chargers  required. 

Chargers  were  quoted  at  $54  from  Magnum  Power  Systems,  Inc.  It  was 
assumed  that  each  portable  radio  would  require  a  charger.  Chargers  were  not  estimated  for 
dismountable  radios  based  on  an  assumption  that  the  batteries  would  be  recharged  off  the 
vehicle’s  existing  electrical  system.  The  total  number  of  USMC  SINCGARS  portable  radios 
in  the  steady  state  period  is  10,050.  It  was  also  assumed  that  rechargers  would  be  replaced 
at  the  end  of  the  batteiy’s  float  life,  or  every  four  years.  Therefore,  the  total  number  of 
portable  radios  was  dhaded  by  4  to  arrive  at  the  estimated  number  of  chargers  that  would 
be  bought  per  year.  The  following  equation  was  used: 

Annual  lead-acid  charger  cost  =  10,050  portable  radios  /  4  year  life  per  charger  * 

$54  =  $0.1  million  per  year. 

2.  Lead-Acid  Disposal  Costs 

As  with  the  LiS02  and  Ni-Cad  batteries,  the  EPA  classifies  lead-acid  batteries 
as  hazardous  waste.  The  EPA’.s  concern  is  primarily  over  their  lead  content  because  lead 
presents  a  potential  health  hazard.  Due  to  these  regulaioiy  and  health  concerns,  spent  Lead- 
Acid  batteries  can  not  generally  be  disposed  of  in  landfills  and  must  be  recycled.  Despite  this 
regulatory  classification,  it  is  much  easier  to  dispose  of  Lead-Acid  batteries  than  to  dispose 
of  LiS02  or  Ni-Cad  batteries.  This  is  due  to  the  fact  that  an  active  automotive  battery 


IV-19 


t  'tK'. 

i 


V  1 


I 


^  ? 
♦ 

! 


recycling  industry  is  in  place  which  recycles  approxiinately  80%  of  all  disposed  automotive 
lead-acid  batteries.  Therefore,  the  USMC  would  have  a  choice  of  disposers,  probably  in  or 
near  the  local  conununity. 

There  are  both  transportation  costs  and  treatment  (destruction/  deactivizadon) 
costs  associated  with  lead-acid  batteries.  Each  of  these  cost  elements  is  described  below, 
a.  Lead-Acid  Transportation  Costs 

For  purposes  of  this  study,  it  was  assumed  that  all  depleted  lead-acid 
batteries  would  be  transported  via  truck  from  Marine  Corps  Base,  Camp  Lejeune  to  a  local 
recycler.  The  trucking  firm  will  certify  the  contents  of  the  truck,  transport  the  material  to  the 
recycling  facility,  and  obtain  a  certificate  stating  that  the  full  load  was  delivered.  This 
manifesting  process  is  required  for  the  transportation  of  hazardous  waste. 


Because  lcad-«.cid  batteries  may  be  disposed  of  iii  a  variety  of  locations, 


die  previously  used  cost  per  truck  trip  ($2,260)  w-as  divided  by  five  on  the  assumption  that 
the  local  recycling  center  would  be  one-fifth  of  the  distance  from  Camp  Lejeune  to  the 
northeast.  Each  truckload  would  be  comprised  of  approximately  65  loaded  55-gallon  drums 
weighing  approximately  600  pounds  each.  The  next  step  was  to  estimate  the  number  of  trips 


per  year. 

Li  order  to  estimate  transportation  costs,  the  total  annual  weight  of 
depleted  lead-acid  batteries  was  estimated  from  the  annual  battery  procurement  requirement 
previously  calculated.  It  was  assumed  that  the  inflow  of  new  batteries  would  be  equivalent 
to  the  outflow  of  expended  batteries.  The  annual  disposal  weight  was  calculated  by 
multiplying  the  number  of  batteries  disposed  of  per  year  by  the  weight  of  each  battery.  The 
following  equation  was  used: 
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Annual  lead-acid  Waste  4.7  million  hours  per  year  /  4  hours  per  battery  /  213 

^clcs  per  battery  •  3.5  pounds  per  battery  »  19,000 
pounds  per  year 

Since  the  maximum  load  per  truck  is  rated  at  40,000  pounds,  this  is 
eqtiivalent  to  approximately  1  trip  per  year.  The  cost  per  trip  to  the  northeast  was  quoted 
at  $2,260,  and  this  value  was  divided  by  five  because  the  distance  to  a  lead-acid  recycler 
should  be  relatively  short.  Therefore,  the  disposal  transportation  cost  is  estimated  at  $452 
per  year. 

b.  Lead-Acid  Waste  Treatment  Costs 

The  cost  to  treat  the  lead-acid  battery  waste  was  estimated  from  data 
obtained  from  the  Defense  Reutilization  and  Marketing  Ofiice  (DRMO)  of  the  Defense 
Logistics  Agency  (DLA).  Based  on  a  review  of  several  lead-acid  disposal  contracts,  DRMO 
cited  a  typical  disposal  cost  of  $0.60  per  pound.  The  lead  from  the  batteries  is  used  in  the 
manufacture  of  new  batteries  and  the  remaining  lead-acid  components  can  be  safely 
disposed  of  after  proper  treatment. 

As  derived  in  the  previous  subsection,  approximately  19,000  pounds  of 
lead-acid  battery  waste  would  require  treatment  per  year.  At  $0.60  per  pound,  the  total 
annua]  waste  treatment  costs  are  expressed  in  the  following  formula; 

Waste  Treatment  Cost  =  19,000  pounds  of  waste  •  $0.60  per  pound  for 

treatment  =  $11,500  per  year 
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V.  TRADE-OFF  ANALYSIS 


The  previous  section  documented  the  basis  for  annual  USMC  SINCXjARS  primary 
battery  and  battery-related  costs  assuming  that  the  USMC  would  rely  exclusively  on  only  one 
of  the  three  alternative  battery  chemistries  (LiS02,  Ni-Cad*  or  lead-acid).  This  section 
documents  tire  potential  cost  savings  and  benefits  associated  with  the  following  two  more 
realistic  scenarios: 

•  a  mix  of  LiS02  and  Ni-Cad  batteries,  and 

•  a  mix  of  IJS02  and  lead-acid  batteries. 

A  LIS02.yi-CAD  MIX 

Exhibit  V-1  quantifies  the  total  annual  USMC  SINCGARS  primary  battery  and 
primary  battery-related  costs  arising  from  a  mix  of  IiS02  and  Ni-Cad  batteries.  The  mix 
ranges  from  100%  reliance  on  LiS02  batteries  to  0%  reliance  on  LiS02  batteries  (i.e.,  100% 
reliance  on  Ni-Cad  batteries).  For  example,  if  the  USMC  relied  on  LiS02  batteries  to  meet 
50%  of  the  arwual  operational  hour  requirement  then  the  remaining  50%  of  the  demand 
would  be  met  with  rechargeable  Ni-Cad  batteries.  In  this  case,  the  annual  LiS02  cost  would 
be  approximately  $6.2  million  and  the  annual  Ni-Cad  cost  would  be  an  additional  $0.8 
million  for  a  total  cost  of  approximately  $7  million,  or  a  savings  of  approximately  $5.4  million 
I>er  year  relative  to  100%  use  of  LiS02  batteries. 

The  benefits  that  could  accrue  to  the  USMC  by  using  a  mix  of  LiS02  and  Ni-Cad 
batteries  extends  beyond  potential  cost  savings.  The  primaiy  additional  benefit  is  the  disposal 
issue.  With  a  mix  of  batteries,  the  USMC  would  be  in  a  better  position  to  adjust  the  mix  not 
only  with  regard  to  operational  considerations,  but  with  regard  to  changes  in  EPA 
regulations  or  with  regard  to  changing  pricing  or  acceptance  policies  at  BDT.  Other  potential 
benefits  include  a  reduced  overall  batteiy  demand  on  the  USMC  supply  system  and  the 
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potenda]  for  tramportation  weight  savings  if  rechargeable  batteries  proved  to  be  acceptable 
in  certain  opcradona]  situations. 

B.  IiSQ2La£AP-AQPm 

Exhibit  V>2  quantifies  the  total  annual  USMC  SINCGARS  primary  battery  and 
primary  battery-related  costs  arising  from  a  mix  of  LiS02  and  lead-acid  batteries.  The  mix 
ranges  from  100%  reliance  on  DS02  batteries  to  0%  reliance  on  LiS02  batteries  (i.e.,  100% 
reliance  on  lead-acid  batteries).  For  example,  if  the  USMC  relied  on  LiS02  batteries  to 
meet  S0%  of  the  armual  operational  hour  requirement,  then  the  remaining  50%  of  the 
demand  would  be  met  with  rechargeable  lead-acid  batteries.  In  this  case,  ^he  armual  LiS02 
cost  would  be  approximately  $6.2  million  and  the  annual  lead-acid  cost  Wuuid  be  an 
additional  $0.7  milb'on  for  a  total  cost  of  approximately  $6.9  million,  or  a  savings  of 
approximately  $5.5  million  per  year  relative  to  100%  use  of  LiS02  batteries. 

The  benefits  that  could  accrue  to  the  USMC  by  using  a  mix  of  LiS02  and  lead-acid 
batteries  extends  beyond  potential  cost  savings.  The  primary  additional  benefit  is  the  disposal 
issue.  With  a  mix  of  batteries,  the  USMC  would  be  in  an  excellent  position  to  respond  to 
changing  EPA  regulations  or  changing  price  or  acceptance  policies  at  BDT.  Since  lead-acid 
batteries  are  easily  recyclable,  a  range  of  potential  disposal  contractors  would  be  available, 
which  is  not  the  case  with  either  DS02  or  Ni-Cad  batteries. 

Other  potential  benefits  include  a  reduced  overall  battery  demand  on  the  USMC 
supply  system  and  the  potential  for  transportation  weight  savings  if  rechargeable  batteries 
proved  to  be  acceptable  in  certain  operational  situations.  A  significant  relevant  fact  is  that 
there  are  a  broad  range  of  constant-voltage  power  sources  that  could  recharge  lead-acid 
batteries  (e,g.,  solar  powered  chargers,  zinc-air  powered  chargers),  providing  additional 
flexibility. 
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Exhibit  V.2.  USMC  SINCXJARS  /ANNUAL  PRIMARY 
BATTERY  COST  (LiS02  -  UlAD  ACID  MIX) 


LiS02  Gwt  Lead  Acid  Cost  Total 
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VL  SUMMARY 


The  basic  findings  of  this  report  are  as  follows: 

•  Two  types  of  commercially  available  rechargeable  batteries  exist  that 
are  suitable  for  use  with  SINCGARS  radios: 

Ni-Cad,  and 
sealed  lead~acid. 

•  Either  rechargeable  battery  chemistry  is  significantly  less  costly  on  an  average 
hourfy  cost  basis  than  LiS02. 

0  One  LiS02  battery  provides  approximately  S  times  as  much  energy  as  one 
rechargeable  battery  cycle. 

0  All  three  battery  chemistries  are  classified  as  hazardous  waste  and  their 
disposal  is  regulated  by  the  EPA  (and  potentially  state  authorities  as  well). 

Of  the  two  rechargeable  battery  chemistnes  analyzed  in  detail,  lead-acid  batteries  are 
slightly  preferable  to  Ni-Cad  batteries  with  regard  to  USMC  SINCG/tRS.  The  primary 
reasons  for  this  conclusion  are  as  follows: 

0  lead-acid  batteries  are  less  expensive  than  Ni-Cad  batteries  cn  a  life 
cycle  cost  basis. 

0  lead-acid  batteries  are  simpler  and  more  rugged  than  Ni-Cad  batteries. 

0  lead-acid  batteries  exhibit  slightfy  better  discharge  characteristics  than 
Ni-Cad  batteries. 

0  The  constant-voltage  rechargers  used  for  lead-acid  batteries  arc  less 
expensive  and  offer  broader  design  choices  than  the  constant-current 
rechargers  required  by  Ni-Cad  batteries. 

0  lead-acid  battenes  are  easier  to  recycle. 

0  A  range  of  lead-acid  battery  recyclers  is  available,  where  as  there  is  only  one 
EPA-liccnsed  U.S.  Ni-Cad  battery  retycler. 


A  final  point  is  that  rechargcble  battery  technology  is  advancing  rapidly.  Ni-Cad  and 
lead-acid  batteries  are  constantly  improving  with  regard  to  cycle  life,  float  life,  and,  to  a 
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lesser  extent,  energy  density.  Alternative  rechargeable  chemistries  such  as  NiMH  may 
become  commercial  available  and  cost-effective  in  ti:e  near  future.  NiM>I  batteries  may 
exhibit  significantly  better  performance  than  either  Ni-Cad  or  lead-acid  batteries  with  regard 
to  energy  density  without  the  disposal  problems  associated  with  either  Ni-Cad  or  LiS02 
batteries. 
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leaching  potential  of  wastes  which  pose  a  threat  to  human  health 
and  the  environment  when  mismanaged. 

(h)  ADomosAL  CHMtACrsiusTrcs. — Not  later  than  two  years  after 
the  date  of  enactment  of  the  Hazardous  and  Solid  Waste  Amend¬ 
ments  of  1S84,  the  Administrator  shall  promulgate  regulations 
under  this  section  identifying  additional  characteristics  of  hazard¬ 
ous  waste,  including  measures  or  indicators  of  toxicity. 

(i)  ClARlFtCATION  OF  HOUSEHOLD  WaSTE  EXCLUSICN.—-A  reSOUrce 
recovery  facility  recovering  energy  from  the  mass  burning  of  munici¬ 
pal  solid  waste  shall  not  be  deemed  to  be  treating,  storing,  disposing 
of  or  otherwise  rnanaging  hazardous  waste  for  the  purposes  of  regu¬ 
lation  under  this  subtitle,  if— 

11)  such  facility— 

(A)  receives  and  bums  onl-^ 

(i)  household  waste  (prom  single,  and  multiple  dwell¬ 
ings,  hotels,  motels,  and  other  residential  sources)  and 

(ii)  solid  waste  from  commercial  or  industrial  sources 
that  does  not  contain  hazardous  waste  identified  or 
listed  under  this  section,  and 

(B)  does  not  accept  hazardous  wastes  identified  or  listed 
under  this  section,  and 

(2)  the  owner  or  operator  of  such  facility  has  established  con¬ 
tractual  requirements  or  other  appropriate  notification  or  in- 
spei  ion  procedures  to  assure  that  hazardous  wastes  are  not  re¬ 
ceived  at  or  burned  in  such  facility. 

STAMDARDS  APPUCABLE  TO  GUKERATORS  OP  KAZA2D0US  WASTE 

Sec.  3002.  (a)  Ik  GENERAL."-Not  later  thai  eighteen  months  after 
the  date  of  the  enactment  of  this  section,  and  after  notice  imd 
portunity  for  public  hearings  and  after  consultation  with  appropri* 
ate  Federal  and  State  agencies,  the  Adimnutrator  shall  promulgate 
regulations  establishing  such  standards  applicable  to  generators  of 
hazardous  waste  identmed  or  listed  under  this  subtitle,  as  be 
necessaiy  to  protect  human  health  and  the  environment.  Such 
standards  shall  establish  requirements  respecting** 

(1)  recordkeeping  practices  that  accurately  identify  the  quan* 
tities  of  such  haairdous  waste  generated,  the  constituents 
thereof  which  are  significant  in  quantity  or  in  potential  harm 
to  human  health  or  the  environment,  and  the  disposition  of 
such  waste; 

(2)  labeling  practices  for  anv  containers  used  for  the  storage, 
transport,  or  •disposal  of  such  hazardous  waste  such  as 
identify  accurately  such  wasta; 

(S)  use  of  appropriate  containers  for  such  hazardous  waste; 

(4)  fumishina  of  information  on  the  general  chemical  compo* 
sition  of  such  Hazardous  waste  to  persons  transporting,  treat¬ 
ing,  storing,  or  dispoeing  of  such  wastes; 

(5)  use  of  a  manifest  system  and  any  other  reasonable  means 
necesary  to  assure  that  all  such  hazajtlous  waste  general^  is 
designated  for  treatment,  storage,  or  disposal  in  and  arrives  at, 
treatment,  storage,  or  dispoeaf  facilities  (other  than  facilities 
on  the  premises  where  the  waste  Is  generated)  for  which  a 
permit  has  been  issued  as  provided  in  this  subtitle,  or  pursuant 
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to  title  I  of  the  Marine  Protection,  Reeearch,  and  Sanctuari^ 
Act  (86  Stat.  1052),  and 

((6)  ■ubmiesion  of  reports  to  the  Administrator  (or  the  State 
agency  in  any  esse  in  which  such  agency  carries  out  an  author* 
izM  permit  program  pursuant  to  this  subtitle)  at  such  times  as 
the  Administrator  (or  the  State  agency  if  appropriate)  deems 
necessary,  setting  out — 

C(A)  the  quantities  of  hazardous  waste  identified  or 
listed  under  this  subtitle  that  he  has  generated  during  a 
particular  time  period;  and 

5(B)  the  disposition  of  all  hazardous  waste  reported 
er  subjparagraph  (AXJ 

(S)  iubmission  of  rtporU  to  theAdminittrator  (or  the  State  agency 
in  any  caee  in  which  each  agency  comes  out  a  permit  program  pur- 
euant  to  this  subtitle/  at  least  once  every  two  years,  setting  out— 

(A)  the  quantities  and  nature  of  hazardoue  waste  identified 
or  listed  uruier  this  eubtitle  that  he  has  generated  during  the 
year: 

(B)  the  disposition  of  all  hazardous  ivaste  reported  under  tub- 
paragraph  (A); 

(C)  the  efforts  undertaken  during  the  year  to  reduce  the 
volume  and  toxicity  of  waste  generate  and 

(D)  the  changes  in  volume  and  toxicity  of  waste  actually- 
achieved  during  the  year  in  question  in  comparison  with  previ¬ 
ous  years,  to  the  extent  such  information  is  available  for  years 
prior  to  enactment  of  the  Hazardous  and  Solid  Waste  Amend¬ 
ments  of  1984. 

(h)  Waste  MtstuiZATiOS.— Effective  September  2,  1985,  the  mani¬ 
fest  required  by  subsection  (aXS)  shall  contain  a  certification  by  the 
genariitGe' 

(1)  the  generator  of  the  hazardous  waste  has  a  program  m 
place  to  reduce  the  volume  or  quantity  and  toxicity  of  such 
waste  to  the  degree  determined  fy  the  generator  to  be  economi¬ 
cally  practicable;  and 

(2)  the  proposed  method  of  treatment,  storage,  or  disposal  is 
that  practicable  method  currently  available  to  the  generator 


keaUh  and  the  environment, 

STANDAXnS  APPUCABL4E  TO  TSANSPOBTERS  OP  HAZABOOUS  WASTE 

Sec.  8003.  (a)  Stakdabiis.— Not  later  than  eighteen  months  after 
the  date  of  enactment  of  this  section,  and  after  opportunity  for 
public  hearings,  the  Administrator,  after  consultation  with  the  Sec* 
retary  of  Transportation  and  the  States,  shall  promulgate  rMula* 
tions  establishing  such  standards,  applicable  to  transporters  ofnaz* 
ardous  waste  identified  or  listed  under  this  subtitle,  as  may  be  nec¬ 
essary  to  protect  human  health  and  the  environment.  Such  stand¬ 
ards  shall  include  but  need  not  be  limited  to  requirements  respect¬ 
ing— 

(1)  recordkeeping  concerning  such  hazardous  waste  trans¬ 
ported,  and  then*  source  and  d^very  points; 

O  transportation  of  such  waste  only  if  properly  labeled; 
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(3)  compliance  with  tl>e  manifest  system  referred  to  in  sec¬ 
tion  3002(o):  and 

(4)  transportation  of  all  euch  hazardous  waste  only  to  the 
hazardous  waste  treatment,  storage,  or  disposal  facilities  which 
the  shipper  desi^ates  on  the  manifest  form  to  ^  a  facility 
bolding  a  permit  issued  under  this  subtitle,  or  pursuant  to  title 
I  of  the  Marine  Protection,  Research,  and  Sanctuaries  Act  (86 
Stat.  1052). 

(b)  COOBOINATION  WcTH  RkOULATIONS  OF  SSCBETAKY  OF  TRAILS- 
PORTAYioN.— In  case  of  an^  hazardous  waste  identiiied  or  listed 
imder  this  subtitle  which  is  subject  to  the  Hazardous  Materials 
Transportation  Act  (88  Stat.  2156;  49  U,S.C.  1801  and  following), 

regulations  promulgated  by  the  Administrator  under  this  sec¬ 
tion  shall  be  consistent  with  the  r^uirements  of  such  Act  and  the 
regulations  thereunder.  The  Administrator  is  authorized  to  make 
recommendations  to  the  Secretary  of  Transportation  respecting  the 
regulations  of  such  hazardous  waste  under  the  Hazardous  Materi¬ 
als  Transportation  Act  and  for  addition  of  materials  to  be  covered 
by  such  Act. 

(c)  Fuel  Fkom  Hazardovs  WASTE.-~Not  later  than  two  J^rs 
after  the  date  of  enactment  of  the  Hazardous  and  Solid  Waste 
Amendments  of  1S84,  and  after  opportunity  for  public  hearing,  the 
Administrator  shall  promulgate  regulations  establishing  standards, 
applicable  to  transporters  of  fuel  produced  (1)  from  any  hazardous 
waste  identified  or  listed  under  section  SOOl,  or  (SJ  from  any  hazard¬ 
ous  waste  identified  or  listed  under  section  SOOl  and  nny  other  ma¬ 
terial,  as  may  be  necessary  to  protect  human  htalth  and  the  envi¬ 
ronment  Such  standards  may  include  any  of  the  reguirements  est 
forth  in  paragraphs  (1)  through  (4)  of  subsection  (aj  as  may  be  ap¬ 
propriate. 

STANDARDS  AFPUCABLX  TO  OWNFRS  AND  OPERATORS  OF  HAZARDOUS 
WA8TI  TREATMENT,  STOBAGK,  AND  DISPOSAL  FACIUTIKS 

Sec.  8004.  (a)  Is  Geseral.'—'SoX  later  than  eighteen  months 
after  the  date  of  enactment  of  this  section,  and  aitor  opportunity 
for  public  hearings  and  after  consultation  with  appropriate  Federid 
and  State  agencies,  the  Administrator  shall  promulgate  r^ulations 
establishing  such  performance  standards,  applicable  to  owners  and 
operators  of  facilities  for  the  treatment,  8tora^»  disposal  of  haz- 
aidous  waste  identified  or  listed  under  this  8Uu.,^w,.,  as  may  be  nec¬ 
essary  to  protect  human  health  and  the  environment  In  establish- 
i^  such  standards  the  Administrator  shall,  where  appropriate,  dis¬ 
tinguish  in  such  standards  between  requirements  appropriate  for 
new  facilities  and  for  facilities  in  existence  on  the  date  of  promul¬ 
gation  of  such  regulations.  Such  standards  shall  include,  but  need 
not  be  limited  to,  r^uirementa  respecting— 

(1)  maintaining  records  of  all  hazardous  wastes  identified  or 
listed  under  this  title  which  is  treated,  stored  or  disposed  of,  as 
the  case  may  be,  and  the  manner  in  which  such  wastes  were 
treated,  stored,  or  dispos^  of; 

(2)  satisfactory  reporting,  monitoring,  and  inspe^ion  and 
compliance  with  the  manifest  system  referred  to  in  section 
3O0fe 
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(8)  trMttnent,  storage,  or  diipocal  of  all  such  waste  received 
by  the  facility  pursuant  to  such  operating  methods,  techniques, 
and  practices  as  mav  be  satisfactory  to  the  Administrator; 

(4)  the  location,  design,  and  construction  of  such  hazardous 
waste  treatment,  dispo^,  or  ttoi^e  facilities; 

(5)  contingency  plans  for  effective  action  to  minimize  unan* 
ticipated  dtmage  from  any  treatment,  storage,  or  disposal  of 
any  such  hazardous  waste; 

(6)  the  maintenance  of  operation  of  such  facilities  and  requir¬ 
ing  such  additional  qualincations  as  to  ownership,  continuity 
of  operation,  training  for  personnel,  and  financial  responsibil¬ 
ity  (including  financial  repontibiliiy  for  corrective  action)  as 
am  be  necessary  or  desirable;  and 

(7)  compliance  with  the  req;iirements  of  section  8005  respect¬ 
ing  penmts  for  treatment,  atorage.  or  disposal. 

No  private  entity  shall  be  preclude  by  reason  of  criteria  estab- 
lishM  under  paragraph  (8)  from  the  owneiship  or  operation  of  fa¬ 
cilities  providing  hazardous  waste  treatment,  storage,  or  disposal 
services  where  such  entity  can  provide  assurances  of  financial  re¬ 
sponsibility  and  continuity  of  operation  consistent  with  the  degrM 
and  duration  of  risks  associated  with  the  treatment,  storage,  or  dis¬ 
posal  of  specified  hazardous  waste. 

(b)  Salt  Dome  Formatjoms,  Salt  Bed  Fokmations.  Usdek- 
CKOVSD  Mines  and  Caves.— (1)  Eff^tive  on  the  date  of  the  enact¬ 
ment  of  the  Hazardous  and  Solid  Waste  Amendments  of  1$84,  the 
placement  of  any  noncontainerized  or  bulk  liquid  hazardous  waste 
in  any  salt  dome  formation,  salt  bed  formation,  underground  mine, 
or  cave  is  pnhibited  until  such  tir^  as— 

(A)  ihe  Administrator  has  determined,  after  notice  and  oppor¬ 
tunity  for  hearings  on  the  record  in  the  affected  areas,  that 
such  placement  is  protective  of  human  health  and  ihe  environ¬ 


ment; 

(B)  the  Administrator  has  promulgated  performance  and  per¬ 
mitting  standards  for  such  facilities  under  this  subtitle,  and; 

(C)  a  permit  has  been  issued  under  section  S005(c)  for  the  fa- 
eilitv  concerned. 

(2)  Effective  on  the  date  of  enactment  of  the  Hazardous  and  Solid 
Waste  Amendments  of  1984.  the  placement  of  any  hazardous  waste 
other  than  o  hazardous  waste  referred  to  in  paraffaph  (1)  in  a  salt 
dome  formation,  salt  bed  formation,  underfund  mine,  or  cave  is 
prohibited  until  such  time  as  a  permit  has  S^n  issued  under  section 
3()0$(c)  for  the  facility  concerned. 

(S)  No  determinafCon  made  by  the  Administrator  under  subsection 
(d),  (e),  or(g}of  this  section  regarding  any  hazardous  waste  to  which 
such  subsection  (d),  (e),  or  (g)  applies  shall  affect  the  prohibition 
contained  in  paragraph  (1)  or  (2)  of  this  subsection. 

(4)  Nothing  in  this  subsection  shall  apply  to  the  Department  of 
Enerfn  Waste  Isolation  Pilot  Project  in  New  Mexico. 

(e.njiQUiDS  IN  Landfills.—(2)  Effective  9  months  after  the  date 
of  the  enactment  of  the  Hazardous  and  Solid  Waste  Amendments  of 
1984,  the  placement  of  bulk  or  noncontainerized  liquid  hazardous 
waste  or  free  liquids  contained  in  hazardous  waste  (whether  or  not 
absorbents  have  been  added)  in  any  landfill  is  prohibited.  Prior  to 
such  date  the  requirements  (as  in  effect  on  Apni  SO,  198S)  promul- 
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gated  under  this  section  by  the  Administrator  regarding  and  liquid 
na^rdous  waste  shall  remain  in  force  and  effect  to  the  extent  such 
requirements  are  applicable  to  the  placement  of  bulk  or  noncontain- 
erued  liquid  hazardous  waste,  or  free  liquids  contained  in  hazard' 
ous  waste,  in  landfills. 

(!)  Not  later  than  fifteen  months  after  the  date  of  the  enactment 
of  the  Hazardous  ana  Solid  Waste  Amendments  of  1984,  the  Ad 
ministrator  shall promul^te  final  regulations  which — 

(A)  minimize  the  disposal  of  containerized  liquid  hazardous 
waste  in  landfills,  and 

(B)  minimize  the  presence  of  free  liquids  in  containerized  haz¬ 
ardous  waste  to  be  disposed  of  in  landfills. 

Such  regulations  shall  also  prohibit  the  disposal  in  landfills  of  liq¬ 
uids  that  have  been  absorbed  in  materials  that  biodegrade  or  that 
release  liquids  when  compressed  as  might  occur  during  routine 
landfill  operations.  Prior  to  the  date  on  which  such  final  regula¬ 
tions  take  effect,  the  requirements  (as  in  effect  on  April  SO,  1983) 
promulgated  under  this  section  by  the  Administrator  shall  remain 
in  force  and  effect  to  the  extent  such  requirements  are  applicable  to 
the  disposal  of  containerized  liquid  hazardous  waste,  or  free  liquids 
contained  in  hazardous  waste  in  landfills. 

(3)  Effective  twelve  months  after  tne  date  of  the  enactment  of  the 
Hazardous  and  Solid  Waste  Amendments  of  1984,  the  placement  of 
any  liquid  which  is  not  a  hazardous  waste  in  a  landfill  for  which  a 
permit  is  required  under  section  300S(c)  or  which  is  operating  pursu¬ 
ant  to  interim  status  granted  under  section  SOOSit)  is  prohibited 
unless  the  owner  or  operator  of  such  laruifill  dsmoratrates  to  the 
Administrator,  or  the  Administrator  determines,  that— 

(A)  the  only  reasonably  available  alternative  to  the  placement 
in  euck  landfill  is  placement  in  a  landfill  or  unlined  surface 
impoundment,  whether  or  not  permitted  under  section  SOOS(c)  or 
operating  pursuant  to  interim  status  under  section  S0OS(e), 
which  contains,  or  may  reasonably  be  anticipated  to  contain, 
hazardous  waste;  and 

(B)  placement  in  such  owner  or  operator’s  landfill  will  not 
present  a  risk  of  contamination  of  any  underground  source  of 
drinking  water. 

As  used  in  subparagraph  (B),  the  term  **underground  source  of 
drinking  water’  has  the  same  meaning  as  proviaed  in  regulations 
under  the  ^fe  Drinking  Water  Act  (title  TUV  of  the  Public  Health 
Service  ActX 

(4)  No  determination  made  by  the  Administrator  under  subsection 
(d),  (eX  or  (g)  of  this  section  regarding  any  hazardous  waste  to  which 
such  subsection  (d),  (eX  or  (S  applies  shall  affect  the  prohibition 
contained  in  paragraph  (1)  of  this  subsection, 

(d)  PnoHiBiTiONS  Off  Laso  Disposal  of  Sfbcjfied  Wastes.— (J) 
^ective  32  months  after  the  enactment  of  the  Hazardous  and  Solid 
Waste  Amendments  of  1984  (except  as  provided  in  sub^tion  (f) 
with  respect  to  underfund  im'ection  into  deep  ir^^eetion  wellsX 
lorid  disposal  of  the  hazardous  wastes  referred  to  in  paragraph  (!)  is 
prohibited  unless  the  Administrator  determines  the  prohibition  on 
one  or  more  methods  of  land  disposal  of  such  waste  is  not  required 
in  order  to  protect  human  health  and  the  environment  for  as  long 
as  the  waste  remains  hazardous,  taking  into  account— 
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(A)  the  longrttrm  uncertainties  associated  with  land  disposal, 

(B)  the  goal  managing  hazardous  waste  in  an  appropriate 
manner  in  the  first  instance,  and 

(C)  the  persistence,  toxicity,  mobility,  and  propensity  to  bioac¬ 
cumulate  of  suck  hazardous  wastes  and  their  hazardous  cot;- 
stituents. 

For  the  purposes  of  this  paragraph,  a  method  of  land  disposal  may 
not  be  determined  to  be  protective  of  human  hec**^  envirr 

ment  for  a  hazardous  waste  referred  to  in  paiagraph  (‘2>  (other  than 
a  hazardous  waste  which  has  complied  with  the  pretreatment  regu¬ 
lations  promulgated  under  subsection  (m)),  unless,  upon  application 
by  an  interested  person,  it  has  been  demonstrated  to  the  Administra¬ 
tor,  to  a  reasonable  degree  of  certainty,  that  there  will  be  no  migra¬ 
tion  hazardous  constituents  from  the  disposal  unit  or  injection 
zone  for  as  long  as  the  wastes  remain  hazardous. 

(!)  Faragraph  (1)  applies  to  the  following  hazardous  wastes  listed 
or  identified  under  section  SOOl: 

(A)  Liquid  hazardous  wastes,  including  free  liquids  associat¬ 
ed  with  any  solid  or  sludge,  containing  free  cyanides  at  concen¬ 
trations  greater  than  or  equal  to  1,000  rr^/L 

(B)  Liquid  hazardous  wastes,  including  free  liquids  associat¬ 
ed  with  any  solid  or  sludge,  containing  the  following  metals  (or 
elements)  or  compounds  of  these  metals  (or  elements)  at  concen¬ 
trations  greater  than  or  equal  to  those  specified  below: 

(i)  arsenic  and/or  compounds  (as  As)  BOO  mg/l; 

(ii)  cadmium  and/or  compound  (as  (Cd)  Iw  mg/l; 

(Hi)  chromium  (VI  and/or  compounds  (as  Cr  VI)) 
500  mg/l; 

✓.•-.II _ t _ Jg.  -  _  _ I.  ✓  •%!  %  -  gf 

(&(//  mbu  MfUA/or  mmpounas  iws  jtq/  ow 

(v)  mercury  and/or  compounds  (as  Hg)  tO  mg/l; 

(vi)  nickel  and/or  compounds  (as  Ni)  JS4  mg/l; 

(vii)  selenium  and/or  compounds  (as  100  mg/l;  and 

(viii)  thallium  and/or  compounds  (as  Tk)  130  mg/l. 

(O^L^uid  hazardous  waste  having  a  pH  less  than  or  equal  to 

(D)  Liquid  hazardous  wastes  containing  polychlorinated  bi¬ 
phenyls  at  concentrations  greater  than  or  equal  to  SO  ppm. 

(E)  Hazardous  wastes  containing  halogenated  organic  com¬ 
pounds  in  total  concentration  greater  than  or  equal  to  1,000 
mg/kg. 

when  rwcessary  to  protect  human  health  aJid  the  cnvirontnent,  the 
Administrator  shall  substitute  more  stringent  concentration  levels 
than  the  levels  specified  in  subparagraphs  (A)  through  (B). 

(S)  During  the  period  ending  forty-eight  months  after  the  date  of 
4/W  enactment  of  the  Hazardous  and  ^lid  Waste  Amendments  of 
1384,  this  subsection  shall  not  apply  to  any  disjkjsal  of  contaminat¬ 
ed  soil  or  debris  resulting  from  a  response  actwn  taken  under  sec¬ 
tion  104  or  106  of  the  (Comprehensive  Environmental  Response,  Com¬ 
pensation,  and  Liability  Act  of  1980  or  a  corrective  action  required 
under  this  subtitle, 

(e)  Solvents  aj^d  Dioxjss, — (2}  Effective  twenty-four  months  after 
the  date  of  enactment  of  the  Hazardous  and  Solid  Wacte  Amend¬ 
ments  of  19S4  (except  as  provided  in  subsection  (f)  with  respect  to 
underground  ir\fectton  into  deep  injection  wells),  the  land  disposal 
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EPA  LETTER  TO  DLA  RE:  DISPOSAL  OF  US02  BATTERIES 


UNITku  STATES  ENVIRONMENTAL  PROTECTION  AGENCY 
OFFICE  OF  SOUO  WASTE  AND  EMEROENCY  RESPONSE 
WASHINGTON,  O.C.  SOASO 


Mr.  Dick  BnjrMr 
ExteutK*  Oiraetor 

TicItnlcHl  and  LogNties  SanrioM  (DLA^ 

DafanM  logictlcs  Aganey 
Camaron  Station 
Aiaxandrte.  Virginia  22314 

Oaar  Mr.  Biunor 

This  lattar  Is  in  rtsponse  to  a  nurnbar  of  raquesis  mada  by  tht  Oapartmant  of  Uafanta  pOO)  far  guidance  from 
tha  Environmantal  Protection  Agency  (EPA)  on  the  ragulatofy  status  of  spimt  and/or  discardaO  Rhiunvsulfur  dioxide 
(U/SO^)  battsdes- 

EPA  recognizas  that  the  Department  of  Defense  has  done  axtensivft  wohc  In  assessing  the  hazards  posed  by  Rthlum 
batteries!/  and  in  oeveloping  procadnres  for  managirtg  spent  or  discarded  U/SO2  calls.  In  fact  DOD  currently 
conelders  these  batteries  to  be  hazardous  wastes  for  nutnagerntnl  purposes.  Consequently,  thepurpose  of  this  letter 
is  simp.'y  to  render  sn  Agency  opinion  as  to  whether  Ithium  bettcries  are  hazardous  wattes  under  the  rules 
promulgated  pursuant  to  the  Resource  Conservation  end  Recovery  Ad  of  1 B76  (RCRA),  artdto  dartfy  tiieappUcetion  of 
those  rules  to  the  nranegement  (i.c.,  disposal)  of  Ithium  banerits. 

Based  on  t  careful  review  of  the  avsilabit  data  and  information,  EPA  has  conduciad  that  Hthlunn-sulfur  dioxide 
bsneries  dearty  cxhbit  the  charactwistic  of  raacttvlty  «s  defmed  in  40  CFR  261 .23.  Handlers  of  these  wastes 
mutt,  therefore,  comply  with  all  applicable  standards  under  40  CFR  Parts  262  to  266,  and  124, 270.  and  271 .  Under 
these  standards,  the  land  disposal  of  reactive  waste  it  prohibited  unless  the  waste  it  treated  or  otherwise  rendered 
non-retct^e.  (See  264.312  end  266.312). 

Under  40  CFR  2C123.  a  toBd  waits  Is  co,nsldered  to  be  raacUve  If  a  representative  sample  of  the  woste  has 
■nv  ot  the  following  prcf>enet: 

(1)  It  Is  normeRy  unstable  and  readily  undergoes  violent  cliange  without  detonating 

(2)  n  reactc  violently  with  water. 

(3)  It  forms  potentially  explosive  mUiures  with  water. 

(4)  Wheri  mixed  with  water.  H  genarstes  toxic  gasss,  vapors,  or  fumes  In  e  quantity  sufficiwtt  to  present  a 
danger  to  human  health  or  the  environment. 


2/  The  term  IKhbm  battedee'  as  used  In  this  letter  applies  only  to  those  batteries  or  cells  commonly  referred  to 
as  Rhium-sulfur  dioxide  batteries.  At  this  time,  EPA  does  not  have  euflldant  information  to  make  a  blanket 
determirration  as  to  whethar  Ethium  batlerles  usmg  other  cathode  matetiels  (le..  thbnyl  chloride  (SOCI^), 
polycsrbon  monotkioride  ((CF)^.  msngenese  dioxide  (Mn02).  lodi..e  (I),  sRver  oxide  (Ag20),  ellver  chromate 
(Ag2CrO^).  vanadium  pentoxide  *ulfide  (FeS),  copper  oxido  (CuO),  and  lead  bisnruthate  (Bi2pb202)) 

exhibit  the  characteristic  ot  rasctivlty.  Consequently,  handlers  of  these  Rthlum  batteries  must  evaluate  them 
against  the  reactivity  characteristic  kJentitied  in  26123  as  weR  as  the  other  hazardous  wasl's  charsctertstioi  to 
delarmint  If  the  batteries  should  be  handled  as  hazardous  wastes. 
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(5)  H  is  fi  cytnide  or  suMdo  bssring  watts  which,  «vhsr>  SKpossd  to  pH  oortdilions  bstwsan  2  and  12.5.  can 
gsnomte  tsxic  gates,  vapors,  or  hitnes  in  c  quantity  suffiCMnt  to  present  a  danger  to  hunnan  health  or  the 
anvjrorKnant. 

(B)  it  is  capsbis  of  detonation  or  explosive  reaction  N  It  Is  subjeciad  to  a  strong  initiating  source  or  It 
heated  under  conflnerrtsnL 

(7)  It  it  readily  capable  of  detonation  or  mploti/e  dooompositlon  or  raactiGn  at  standard  lempercture  end 
pressure. 

(8}  It  is  a  forbidden  axplosivt  at  daOned  In  48  CFR  173,55  or  a  Ctass  B  explosive  at  ds9nsd  In  48  CFR 

mna. 

'*1ta  Rhiutn  in  potantialy  opiosVe  hydrogen  gat  when  mixad  with  water  ( 26123(a)(3)}, 

and  U/SO2  osh  are  capable  of  violent  rupture  or  raection  V  subjected  to  a  strong  hliisting  touroe  or  V  heated 
under  confinement  (  261 23(a)(6)).  However,  of  primary  concern  Is  the  potential,  under  axisling  menagerrvent 
practices,  for  components  of  the  batteries  to  generate  toxic  gases,  vspors,  or  fumes  in  a  quantity  sufficient  to 
present  a  danger  to  human  hea.th  or  the  environmen!  when  those  components  art  mixed  with  water  or  exposed  to  certain 
pH  condtiions  (  26l  23(a)(4}  and  (a)(5)). 

A  review  of  the  existing  eteratura  dearfy  indicated  that  U/SO^  batienes  are  rapable  of  Vidant  rtacUon  If 
mishandied  by  being  exposed  to  a  strcmg  Initiating  source  or  .heeted  undar  confinement.  Incidents  of  violent  cell 
ruptures,  parilcularly  laboratory  abuse  tests  and  under  actual  fMd  conditions.  Although  newar  designs  of  U/SO^ 
batteries  incorporate  a  number  of  safety  features  that  reduce  thar  explosive  potential  in  most  circumstences, 
forced  discharge  below  zero  volts,  perietration,  or  heating  In  a  confined  area  rrey  still  cause  vented  batteries  to 
violently  nipture. 

Uthiunvsulfur  dioxide  batteries  typIcaHy  contain  strips  cn  Ithlurr.  metal  as  the  anode  at  well  as  t  non- 
aqueous  electrolyte  consisting  primarily  of  sulfur  diox’rie  fS02)  end  smaller  concentrations  of  scstonitrlle  (CH^CN) 
ari't  a  Rhium  sett,  typically  Bthiuni  bromide  (UBr).  Uthium  Is  known  to  react  with  water  to  produce  potentially 
cxf,.ostvc  hydrogen  gas.  Although  Rthlum  battery  cells  are  constructed  such  that  their  raacUve  componenta  do  not 
ordinarily  coma  into  contact  with  water  under  normal  operating  cortdltions,  H  placed  in  a  lendtil!,  or  otherwise 
iinproperfy  managed,  these  batteries  win  eventuilly  corrode  and  sUow  their  reactive  constituents  to  come  into 
contact  with  watar.  The  reaedve  nature  of  Bthium  is  of  pariicu’iar  concern  since  subslantial  quantities  of 
partially  discharged  cads  or  cells  of  the  unbalanced,  or  excess  Ithlum  type,  are  oflen  disposed  of  together.  The 
Agericy  believes  that  under  existing  management  practices.  (Ls,.-  storage  in  drums  or  disposal  of  batteries  In 
drums),  potentially  exploaive  concentrations  of  hydrogen  gas  might  reasonably  by  expected  to  occur 
(26l23|a)(2)). 

The  Agency  also  believn  thst  the  practice  of  accumulating  large  quantities  of  LVSO2  batteries  could  result  In 
concentrations  of  toxic  gases,  vapors,  or  fumes  in  aufficiem  concent'Stiors  present  a  danger  to  human  health  orthe 
environment.  As  mentioned  previously,  newer  Sthkim  ba.ttery  cel-t  are  designed  to  automaticeHy  vent  SO2  and  other 
components  to  the  air  to  minimize  the  possibility  of  explosion  due  to  pressure  when  the  cefis  ere  ^oeed  to 
external  heal  or  short  circuiting.  During  operations  such  at  coSection,  processing,  and  disposal,  the  batteries 
may  be  exposed  to  mechanical  shock,  short  circuliing.  immersion  in  water  or  penetration.  These  operations  are 
Ikety  to  cause  cells  to  rupture  and/or  vent  their  reactive  materials  in  poienlially  dangerous  concentration  It 
vanting  or  rupturs  occurs  in  a  confined  area  or  If  sigtifficcnt  numbers  of  ceils  ere  invofved.  Sulfur  dioxide  is  a 
strong  irrftan'i  and  Is  capable  of  causing  incapacitation  at  cvncentratlona  above  50  ppm  and  has  proven  I0  be  He- 
threatening  at  concentrations  of  400-500  p.xn.  in  addition,  scetonitrQe  (Crl^CN)  wB  decompose  to  form  toxic 
cyanide  fumes  when  heated.  Ulhhjm  also  reads  wftli  acetonitrile  to  produce  lithium  cyanide  (UCN),  which  in  turn 
can  read  with  weak  adds  to  produce  toxic  hydrocy'snlc  gas.  PoIentiaHy  dangerous  concentrations  of  these,  as  well 
as  other  toxic  fumes  and  vapors,  may,  therefore,  be  expeded  to  result  If  the  readive  components  of  these  baheries 
are  exposed  to  water  or  acidic  condhiont  during  colledion,  processing  or  disposal  operatlona. 
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The  Inherantly  meth^e  nature  of  Nthium-aulfur  dioxide  battartas  wu,  in  tost,  damonatratad  b/  a  fira  ut  ths 
Oroton  Point  LandfiK  in  Qroton,  Connecticut  on  Apr!  20. 1661.  In  that  indtiant.  a  number  of  dmma  of  at'^iunr 
sutfur  dioxide  battertos,  which  were  improperiy  handiad,  caught  ire  due  aithar  !o  abort  oircutling  or  contac'  v^ith 
moitture.  The  lire  nKultad  in  a  rtumber  of  violant  ruptures  aa  wal  as  the  ganaration  of  toxic  gases  and  i.  -r. 
which  posed  a  hazard  to  peraonnei  combating  the  fire. 

The  Agency  recognizes  that  the  degree  of  hazard  posed  by  Khkjm  battery  cals  depends  upon  a  iarge  nutnoer  of 
vartobias  inoludtog: 

*  the  quantity  of  oaBs  accumulated  in  one  looation  and  the  oondKion  of  the  oaSa  (a.g..  whether  they  have  vented, 
art  partWiy  dapieted,  fuly  dUchirgad.  of  the  balanoad  or  unbaianoad  typa,  ate.) 

*  the  prcceduraa  uaad  in  storing,  trantporflng,  disposing,  or  olhsrwiss  handtoig  apant  or  rSscsrdad  tMttarles. 

*  ths  proxinnity  of  worfrsrs  or  the  genoral  pubic  to  the  bettatfas. 

Due  to  the  vaitable  nature  of  the  hazards  posed  by  Ithlum  batteries  under  dtTarent  conditiona.  tha  Agency  had 
considered  whether  K  was  faaable  to  estabSsh  accumulation  levals  below  which  quantities  of  Ithium  batteries 
would  not  be  considered  reactive  and.  therefore,  not  subject  to  the  haardous  waste  ragulationt.  Howavei .  rhe 
Agency  does  not  believe  that  there  is  airffdant  information  avaiiabie  at  this  time  to  reasonably  establish  such 
exemption  levels  specificaily  for  Ithium  battadts. 

The  Agency's  conclusion  that  Ithium-sulfur  dioxide  batteries  axhibH  the  characteristic  of  reactivity  does  not 
affect  the  appCcabllKy  of  other  provisions  of  the  hazardous  waste  regulations.  Of  specific  interest  to  DOO  may  be 
261 .5,  which  conditionally  exempts  from  hazardous  waste  regulation  an  hazardous  wastes  from  generators  that  do  not 
generate  more  than  1000  kg.  per  month  of  hazardous  waste  or  accumulate  more  than  1000  kg.  of  such  waste  at  any 
line  4/  However,  you  should  be  aware  ths!  when  calculsMr.g  the  qwari'u'iy  of  waste  genereiad  tor  purT>p .  es  of  assessing 
amati  quantity  generator  status,  all  hazardous  wastes  from  all  sources  that  are  generated  at  a  particular  site2/  in 
a  one-month  period  or  which  are  accumulated  over  any  period  of  time  must  be  counted.  You  shouldaisc  beawarethat 
Congress  it  currently  considering  amendments  to  R  CRA  that  would  lower  tha  small  quantity  generator  exemption  level 

to  too  kg 

At  mentioned  previously,  the  practical  effect  of  the  Agency’s  condtrsion  that  Ithium  bstteries  are  reactive 
wastes  is  thit  regulated  quantitiss  of  these  batteries  rnay  not  be  disposed  of  almost  hazardous  waste  land  disposal 
facilities.  Sectl.'ns  264.31,?  and  265.312  prohibit  lancWiiling  of  reactive  wastes  unless  they  are  treated,  rendered, 
«?r  mixed  such  that  they  no  longer  exhibit  the  cheracteristic  of  reactivity  and  unless  the  general  requirements  for 
reactive  wastes  containec  r.'.  264.17(b]  have  been  rrret. 

If  you  have  any  ques‘'ons  about  the  information  contained  In  this  lettttir.  plea  t  do  not  hesiteta  to  contact 
aithei  Francine  Jacoff  or  Robert  Axeirad.  of  my  staff  at  ^2)  362-4761 . 

Sincerely  yourv, 

Lee  M.  Thomtns 
Assistant  Adminlstratcr 


g^Aojte  hazardous'  wastes  are  subject  to  a  1  kg.  exemptron  level  fo'  quantities  generated  in  a  one-month  peWod  or 
accumula!cd  over  any  period  of  time.  As  a  characteristic  hazardous  waste.  Mhium  batteries  are  subject  to  tiie 
1000  kg.  cx^ptior'  Eevai 

S/See  260.10  deliniiions  tor  Individual  generation  site'  and '’on-site'. 

This  is  a  raproduced  copy  •  originai  on  (Ha 
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Regulations: 


The  transportation  of  lithium  c«Bs,  batteries,  and  devices  containing  those  power  sources  around 
the  USA,  is  governed  by  US  OepartmerM  of  Transportation  (DCT]  regulations.  These  regulations  are 
found  bi  title  48  of  the  Code  of  Federal  Raguirtions  (CFP.).  Lithium  eeOs  have  been  determined  as 
hazardous  materials  for  transportation  and  regulations  covaring  their  movament  may  be  found  in  the 
CFR  and  in  various  exemptions  Issued  by  DOT.  Briefly,  tresh  celt  tal  Into  three  oiestes.  Gets 
containing  less  than  O.S  grams  of  Bthkrm  metal  or  batteries  comprised  of  one  or  more  such  ceils 
with  an  aggregate  quaiicty  of  not  more  than  one  gram  of  tthhim  metal  are  exempt  from  the 
regulations  providing  that  certain  requiramants  are  met  Cailt  vviti'.  more  than  0.5  grams  but  leas 
than  12  grams  of  Sthium  rrtetal  of  batttrtes  comprised  of  such  celt  are  oovared  by  spectfic 
examptions. 

Up  untf  5  Dacember  1862,  cels  with  no  further  use.  that  irwt  the  requiremcntt  of  DOT^E  7052,  rould 
be  transported  to  a  disposal  site  under  OOT^E  8441 .  Now  this  exemption  has  been  Incorporated  into 
the  CFR.  The  regulation  states: 

(a)  Lithium  batteries,  for  disposal,  comprised  of  one  or  rrwre  cells  may  be  offered  for 
transportation  to  a  permitted  storage  iacIHty  and  disposal  site  by  motor  vehide  only,  K  the 
battery: 

(1)  when  new.  contained  r^ot  more  than  12  grams  of  lihium  metal  per  cell: 

(2)  is  equipped  with  an  eflecUve  means  of  preventing  external  short  circu.ls. 

(3)  is  classified  and  offered  for  transportation  as  an  ORM-C;  and 

(4)  is  overpacked  in  a  strung  fiberboard  box.  or  mstsl  or  fiber  diUin  which  eornplies  with  paragraph 
17324. 

(b)  Paragraph  (a)  does  not  apply  to  lithium  batteries.which,  when  new.  were  excepted  from  regulation 
under  paragraph  173.206(f). 

Paragraph  (b)  relates  to  the  0.5  gram  rule 

Packaging: 

Cells  end  batteries  have  to  be  packaged  to  prevent  the  possibiiilics  of  external  thon  circuit.  In 
8DTs  experic.nce,  most  people  have  accomplished  this  by  wrapping  individual  cells  in  a  plastic  bag. 
However,  cells  have  been  recetved  in  which  the  individual  terminals  have  been  taped  with  adhesive 
insulating  tape  and  in  some  instances  the  original  packaging  has  been  welt  designed  and  its  re-usc 
has  been  possible  without  any  other  precaution.  AN  of  these  options  are  acceptable  to  BDT. 

Outer  packaging  used  to  date  has  been  either  a  DOT  specification  12B  fiberboard  box  with  a  gross 
weight  not  to  exceed  65  pounds  or  metal  dnjms  with  removable  heads  and  of  DOT  specification  17H  or 
170  with  a  gas  tight  gasket.  V/hen  metal  drums  are  used,  the  inner  containers  or  batteries  must  be 
separated  from  each  other  and  aO  inner  surfaces  by  at  least  one  inch  thickness  of  vermicuRta  or 
other  equhelent  non-combusfible  material.  The  regulations  allows  DOT  apecification  £i  C  fiber  drums 
to  be  used. 


B-4 


Handling: 


To  obtain  the  very  litest  data  on  the  aafc  tiandlng  of  oels  and  batteries  that  you  are  using  arrd  of 
depleted  systems  that  are  being  prepared  for  disposal  you  should  contact  your  vendor(s). 

However,  your  operators  should  bt  Instructed  In  the  ertas  of  howto  avoid  thort  circuits  and  what  to 
cfo  If  they  eikcountor  oeUs  that  are  warm  to  the  touch,  are  swolen,  or  have  leaked  electrotyte. 
it  is  wise  to  avoid  sudden  shocks  to  the  cals  end  battaifes. 


Marking  and  Lab«liing: 

The  proper  shipping  name.  Waste  Ithlum  batteries  for  ditposel 
Oensiator  hformation.  See  enclosed  hazardous  waste  libei 
One  label  should  be  used;  ORM-C 
Shipping: 

Reguletions  allow  Ithium  batteries  to  go  by  motor  vehicle  only. 

Special  Requirements; 

DOT  regulations  allow  waste  Rhium  batteries  for  disposal  to  be  shipped  by  road  to  a  disposal  site 
using  an  ORM-C  designation.  This  oesignation  is  used  for  those  materials  which  have  inherent 
characteristics  that  make  them  unsuitable  for  transportation,  unless  property  identified  end 
prepared  for  shipment  Since  they  ere  res-'lstsd  scd  golrtg  to  s  disposal  alte.  they  are  a  hazardous 
waste  and  therefore  subject  to  regulation  by  the  USEPA.  This  is  not  e  major  requirement  beyond  the 
regulation  of  DOT.  However,  if  your  company  Is  t  generator  of  hazardous  waste  i.e  produces  more 
than  100  kg/month,  in  total  of  hazardous  waste,  It  has  to  use  a  manifest  as  a  shipping  paper.  A 
unifomi  New  York  Stale  Hazardous  Waste  Vsiiifest  must  be  used  for  materir.ls  being  shipped  to  BDT. 
Also,  because  the  waste  is  hazardous,  special  permlfted  haulers  hive  tc  be  used  Such  haulers  are 
required  to  have  the  ns  ne  of  the  disposer  on  their  permits.  BDT  can  provide  a  list  of  haulers  that 
meet  this  requirement. 
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UNITED  STATES  ENVIRONMENTAL  PROTECTION  AGENCY 
REGION  II 

PERMIT 


PsnnlNsa:  SOT.  Inc.  >  Operator  EPA  I.D.  NUMBER  NYD000632372 

Graatbatch  Entarpriaea,  Inc.  •  Ownar  Effactivo  Data:  April  17,  1986 
4255  Raaaareh  Parkway  Expiration  Data:  April  17,  1996 

Ciaranca,  Naw  York  14031 

Tha  ptmill  a  asuad  by  tha  Unttad  SUtM  Envlronmana!  Protteiion  AgMcy  (EPA)  undar  authoiity  of  tbt  RMource 
Consarvition  and  Rocovory  Act  (RCRA)  Subtfta  C.  42  U.S.C.e821-6S31  (1976,  Mam«nd«dbySupp  IVISSOand 
the  Huardout  and  Sold  Weete  Amendment*  of  1064  (HSWA))  end  EPA  redulation*  to  BCT,  Inc.  (herisfliii'  celed  the 
PecmlRee}.  to  operate  e  hazardous  waate  monasement  ftclty  looated  at  42S5  Research  PartAvay.  Ciaranoe.  New 
Yotlc  14031. 

The  Permittee  rrHist  comply  with  alt  terms  and  condHions  of  tha  permit.  Tha  permit  consists  cf  the  conditions 
contained  herein  (Including  those  in  eny  attachments)  and  the  spplicaba  reguat’ons  contained  in  46  CFR  Ports  260 
through  264  end  270  and  124  as  spedTied  hr  the  permit.  Applicable  pror^sions  ere  those  which  ere  In  elfact  cn  the 
dele  of  asuenrre  of  this  psrmtt  (See  40  CFR  270.32(C}). 

This  permit  a  based  on  the  assumption  thst  the  Intoimetion  submitted  in  the  pemilt  epplication  attached  to  the 
Permittee's  atter  dated  March  20  1963.  as  modified  by  subsequent  amendments  dated  July 13, 1964.  January  1 6, 1 695. 
March  15. 1965.  April  12. 1065,  May  21 . 1665.  Oclobor  24. 1665.  November  18. 1665.  and  Jviuary  16. 1986  (heresttf  - 
referred  to  as  the  application)  a  accurate  end  that  the  tecHity  wU  be  constructed  and  operated  as  tpesified  i'l 
the  application. 

This  permit  is  also  based  in  part  on  the  provisions  of  Sections  206, 212  ortd  224  of  HSWA  which  modify  Sections  500,7. 
8004  and  3005  of  RCRA.  These  require  correctrve  sciton  foraO  rdesses  of  hazardous  wests  or  constituents  froivi  «ry 
solid  waste  management  unit  at  ■  trettment,  storege,  or  disposal  fsciiity  seeking  a  permit,  regerdlets  of  thu)  timit 
at  which  waste  was  paced  In  such  unit,  and  provide  the  autfiority  1o  review  and  modify  the  permit  at  any  time.  EHA 
hes  determined  that  there  have  been  no  uncorrected  releases  of  hazardous  waste  or  hazardous  constituents  to  the 
onvironmoin.  This  detarminstion  is  based  on  review  of  aformetion  submitted  by  the  Permittee.  EPA  RCRA  end  oth  jr 
environmental  program  permitting  and  onforcsmeni  ffles  and  a  sHe  aspection.  .Section  224  requires  (after  September 
1,  1965)  generators  thst  iroet,  store,  or  dispose  of  waste  on-stte  to  certify  (at  least  annually)  that  the  volume  or 
quantity  and  toxicity  of  the  waste  has  been  reduced  to  the  maximum  degree  economically  practicable,  and  that  the 
method  used  to  trienage  the  waste  minimizes  the  present  and  future  Ihroat  to  human  health  end  the  ervlronmentto  the 
extent  practicable  The  permlttea's  tenure  a  the  application  or  during  the  permit  Issuance  process  to  (fisclose 
AiBy  all  ralevonl  (sets,  or  the  F ermlttee's  misrepresentation  of  any  relevant  (sets  at  any  time  rruiy  be  grounds  for 
the  termination  or  modllication  of  this  permH  (see  40  CFR  270.41.  270.42  and  270.43)  and  polontial  enforcement 
action.  The  Permittee  must  inform  EPA  of  any  deviation  from  or  changes  a  any  information  submitted  whieft  would 
affect  the  Pemuttee's  ability  to  com.oly  with  the  oppncable  statuses,  regulations  or  permH  conditione. 

The  permit  is  effectlvs  as  of  April  17,  1686  and  shall  remaa  a  eflect  unW  AprB  17,  1866  unless  revoked  end 
reissued  o  terminated  hi  accordance  with  40  CFR  270.41  or  270.43.  or  Sectwn  212  of  the  HSWA.  or  continued  h 
acccrdonce  with  40  CFR  270.51(e). 

issued  by  tha  EPA  -  Region  II. 


Chnslophr  J.  Daggett  Date 

Regional  Adnvnistrator 
U  S  Environmental  Protection  Agency 
Region  II 

This  is  ■  reproduced  copy  •  original  on  file 
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pri:ferk£D 

PROPEK  PACKAGING  FROCEDDRE 
•LITHIUM  BATTERIES" 
APRIL  25,  1991 


A.  "HERMETICALLY  SEALED  LITHIUM  CELLS" 

Th«8«  cttlls  would  b«  in  •xcttll^nt  condition  with  no  pimcturos  or 

leaks. 

OPl'ION  1.  Package  each  cell  in  a  box  so  that  each  cell  is 
saparatad  by  cardboard.  An  agg  carton  would  be  of 
good  use.  Be  sure  each  call  cannot  cone  in  contact 
with  each  other.  Fill  aach  box  with  vamiculite. 

OPTION  2.  Place  each  cell  in  its  own  plastic  bag  and  then  seal 
the  bag.  (Heat  Seal) 

OPTION  3.  Tape  the  ends  of  aach  cell  and  then  place  then  in  a 
drum  with  vemiculite  separating  aach. 

*  Go  to  Section  O  if  the  above  naterial  applies  to 
your  situation. 


B.  "lajiMfaEP.UTHiyM  .CfiMiS" 

These  cells  are  in  poor  condition.  They  would  have  cracks, 
punctures,  leaks  and  open  tops.  "All  packaging  of  this  type  of 
cell  should  take  place  in  a  "Dry  Room."  The  following 
precautions  should  be  taken;  wear  gloves,  a  respirator,  chemical 
resistant  suit  and  eye  protection. 

OPTION  1.  Place  each  cell  in  its  own  Individual  foil  pouch 
with  plastic  lining/plastic  bags  and  heat  seal  the 
pouch  closed.  If  these  types  of  batteries  are  not 
packaged  in  this  manner,  there  may  be  extra  costs 
for  treatment  of  the  packing  material. 

*  Go  to  Section  D  if  the  above  material  applies  to 
your  situation. 


C.  "BATTERY  COMPONENTS  WITH  OR  jjITHOUT  ELECTROLYTE" 

This  would  include  component  parts,  (ex.  tabs,  screens, 
jellyrolls,  exposed  lithium,  plastic,  etc.)  All  packaging  of  this 
material  should  take  place  in  a  ''Dr:|r  Room."  The  following 
precautions  should  be  taken;  wear  gloves,  a  respirator,  chemical 
resistant  suit  and  eye  protection. 


C-1 


OFTION  1. 


Place  this  aaterlal  into  a  foil  bag.  Flush  the  bag 
out  with  an  inert  gas  (argon  or  nitrogen) ,  then  heat 
seal  the  foil  bag. 

*  Go  to  Section  E  if  the  above  saterial  applies  to 
your  situation. 


D.  "DRUM  SELECTION.  PACKIHG  MATERIAL.  lABELING" 

1.  A  5-35-55  gallon  drum  can  be  used.  It  must  meet  DOT 

requirements . 

2.  Vermiculite  can  be  used  to  fill  void  space  within  the  drum.  It 
will  also  act  as  a  "cushion"  for  the  material  during 
transport . 

3.  "Waste  Lithium  Batteries  for  Disposal"  is  the  proper  DOT 
description.  The  hazard  class  is  ORM-C  and  an  ORH-C  mark  is 
required  on  the  drum. 

Material  that  falls  into  any  of  the  categories  (A-C)  must  be 
segregated  from  each  other. 

If  you  have  any  further  questions  regarding  Lithium  Batteries,  please 
contact  BDT,  Inc.  at  (716)  759-2868.  Ask  for  Mr.  Tom  Dcbmeier  or 
appropriate  Operations  Personnel. 

If  these  procedures  are  not  followed,  material  will  be  subject  to 
rejection  and/or  additional  charges. 

E.  "DRUM.  SELECTION.  PACKING  MATERIAL.  lABELING" 

1.  A  5-35-55  gallon  drtun  can  be  used.  It  must  meet  DOT 
rec[ui  resents. 

2.  Vermiculite  can  be  used  to  fill  void  space  within  the  drtuD. 
It  will  also  act  as  a  "cushion"  for  the  material  during 
transport. 

3.  "Waste  water  reactive  solid,  nos"  is  the  proper  DOT 
description.  The  hazard  class  is  f  ammal "e  solid.  The  ID 
number  is  UN2813.  A  flammable  solid  and  dangerous  when  wet 
label  is  reqpiired. 
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APPENDIX  D 


INN.ETCXD  NI-CAD  BATl'ERY  PACKAGING  REQUIREMENTS 


II IIIICIVWI 


Nl-Cd  and  Nl-Fe  Battery  Procasslna  Conditions 


1.  All  Ni'Cd  and  Ni>Fe  batteries  which  are  to  De  processed  by  Inmetco  shall  be 
delivered,  freight  prepaid,  to  Inmetco's  facility  at  Eliwood  City,  Pennsylvania. 

2.  All  connecting  straps  are  to  be  severed  or  removed  between  Ni'Cd  and  Ni-Fe 
batteries  prior  to  the  delivery  of  such  batteries  to  Inmutco. 

3.  Large  NI*Cd  or  Ni-Fe  batteries  are  to  be  shipped  to  inmetco  stacked  and 
banded  on  pallets.  Smaller  batteries  may  be  delivered  packed  in  cubic  yard 
cardboard  boxes  or  in  drums. 


4.  Inmetco  will  receive:  *  Drained  and  Undrained 

Ni-Cd  and  Ni-Fe  Batteries 


5.  inmetco  require:,  that  the  processing  and  drum  disposal  fees,  relating  to  any 
shipment,  be  paid  prior  to,  or  upon,  the  delivery  of  such  shipment  to  Inmetco 
and,  in  any  event,  prior  to  the  unloading  of  the  shipment  at  Inmetco's  facility 
unless  other  arrangements  have  been  pre-approved  from  our  Accounting 
Department.  Inmetco  requires  a  three  day  advance  notice  of  shipment  and 
this  material  also  requires  an  inmetco  sales  order. 


6. 


7. 


Generator/shipper  shall  be  responsible  for  complying  with  all  federal,  state  and 
local  laws  and  regulations  relating  to  the  packing,  labeling,  manifesting  and 
t.''anspo.'l3tion  of  the  Ni-Cd  and  Ni-Fe  batteries,  uniil  such  time  as  such  batteries 
are  accepted  by  Inmetco  and  unloaded  at  its  Eliwood  City  facility. 


Title  to  the  Ni-Cd  and  Ni-Fe  batteries,  and  responsibility  for  the  disposal  thereof, 
shall  pass  to  Inmetco  only  at  such  time  that  the  batteries  have  been  unloaded 
at  its  Eliwood  City  facility  and  Inmetco  has  received  the  processing  and  drum 
disposal  fees,  as  set  forth  above,  relating  to  the  shipment  in  question. 


8.  All  batteries  deemed  hazardous  must  be  shipped  on  a  Pennsy^ania  hazardous 
waste  manifest  and  by  a  Pennsylvania  licensed  hazardous  waste  hauler. 


9.  Failure  to  comply  with  the  above  requirements  may  result  in  rejection  of  the 
material  and  returned  at  shipper's  expense. 

10.  Norma!  delivery  is  Monday  through  Friday,  8  a.m.  -  3  p.m.,  unless  otherwise 
approved  in  writing. 


•Please  contact  us  for  current  pricing. 


Rev.  11/19/91 
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^  PrinlM)  on  RocycM  Paper 


